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In preparing this EA, LM initiated public scoping on November 17, 2022. The public scoping
period ended December 16, 2022. During the public scoping period, LM sent 30 scoping letters
to Federal agencies, state and local governmental entities, American Indian tribes, and members
of the public known to be interested in or affected by implementation of the alternatives
evaluated in this EA. Table E-1 lists the organizations and individuals to whom LM sent scoping
letters.

Public scoping was conducted for this project due to the scale of the project and due to the
presence of an Environmental Justice population within the project’s region of influence. The
scoping process was conducted to solicit agency and community input on the scope and
environmental issues to be addressed on a range of possible alternatives regarding the future of
the 11-acre evaporation pond including sediment, liner, underlying soil, and associated
infrastructure.

The majority of public scoping comments voiced the desire that LM not stop groundwater
pumping and were against replacing the evaporation pond.

Table A-1. Shiprock environmental assessment scoping mailing list

Recipient Contact
Navajo Nation - AML/UMTRA

Navajo Nation - AML/UMTRA

Karen L. Bedonie, Department Manager

Melvin Yazzie, Principal Mining Engineer
Honorable Eugenia Charles-Newton, Council

Navajo Nation — Council Delegate, Northern Agency

Delegate

Navajo Nation — Department of Natural Resources

Bidtah Becker, Executive Director

Navajo Nation — Dine’ Uranium Remediation Advisory
Committee (DURAC)

Nona Bashone, Executive Director

Navajo Nation-Environmental Protection Agency
(EPA)

Valinda Shirley, Executive Director

Navajo Nation-Environmental Protection Agency
(EPA)

Steve Austin, Senior Hydrologist

Navajo Nation-Environmental Protection Agency
(EPA)

Vivian Craig, Environmental Specialist

Navajo Nation — Land Department

W. Mike Halona, Department Manager

Navajo Nation — Police Department (Shiprock Police
District)

Rory Atcitty, Police Lieutenant

Navajo Nation-Police Department (Shiprock Police
District)

Sgt. Lee, Police Sergeant

Navajo Nation Police Department

Chrissy Largo, Senior Public Information Officer

Navajo Nation — Shiprock Chapter

Nevina D. Kinlahcheeny, Chapter President

Navajo Nation — Shiprock Chapter

Debra A. Yazzie, Chapter Vice President

Navajo Nation-Shiprock Chapter

Michele Peterson, Chapter House Coordinator

Navajo Nation — Shiprock District 12 Grazing
Committee

Sarah A. Denetclaw-Begay, Shiprock Grazing
Official

U.S. Nuclear Regulatory Commission (NRC)

Brittany Bolz, Senior Project Manager

U.S. Nuclear Regulatory Commission (NRC)

Sandra Talley, Senior Liaison Manager

San Juan County — Communications Authority

Crystal Carellano

Navajo Nation — Engineering & Construction Authority

Jermaine Paul, Equipment Manager

Navajo Nation — Engineering & Construction Authority

Terry Gorsuch
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Recipient Contact
Navajo Nation-Shiprock Farm Board g?fia;[la(;e Redfeather-Benally, Farm Board
Agency for Toxic Substances and Disease Registry Jamie Rayman, Health Educator and
(ASTDR) Community Involvement Specialist
Northern Navajo Medical Center, Indian Health :
: Denise Bartley
Services

George Padilla, Regional Environmental
Scientist

Indian Country Grassroots Support Josie Foo, Executive Director & Co Founder

Bureau of Indian Affairs-Navajo Region

Southwest Research and Information Center

Forgotten People CDC

Dine’ C.A.R.E. (Citizens Against Ruining our Environment)

Haul No!
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Place Holder for Public Comments
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Mr. Richard Begay

Historic Preservation Officer

The Navajo Nation, Historic Preservation Department
PO Box 4950

Window Rock, AZ 86515

Subject: Consultation Regarding Proposed Removal of Existing Evaporation Pond at the
Shiprock, New Mexico, Disposal Site

Dear Mr. Begay:

The U.S. Department of Energy Office of Legacy Management (LM) is the long-term custodian
of the Shiprock, New Mexico, Disposal Site and is responsible for long-term treatment of
contaminated groundwater and protecting human health and the environment. The current
groundwater compliance strategy at the Shiprock site consists of active remediation, combined
with natural flushing, to achieve groundwater cleanup standards. The active remediation consists
of groundwater extraction and evaporation of contaminated water in an 11-acre evaporation
pond. Inspection and repairs of the evaporation pond liner in the summer of 2021 revealed the
liner has reached the end of its useful life. Liner material testing and repair work has
demonstrated the liner material has degraded and is now beyond repair; therefore, a decision
needs to be made by LM about the future of the pond.

LM is preparing an Environmental Assessment (EA) for this decision in accordance with the
National Environmental Policy Act of 1969, at Title 42 United States Code Section 4321 et seq.
(42 USC 4321 et seq.), the Council on Environmental Quality’s “Regulations for Implementing
the Procedural Provisions of the National Environmental Policy Act” at Title 40 Code of Federal
Regulations Sections 1500-1508 (40 CFR 1500-1508), the requirements of DOE Policy 451.1,
National Environmental Policy Act Compliance Program, and the “National Environmental
Policy Act Implementing Procedures™ at 10 CFR 1021. In this EA, LM is evaluating the
environmental consequences associated with the full decommissioning of the existing
evaporation pond. This would include complete removal of the pond sediments, liner, and
underlying subliner material, which would be transported off tribal lands for disposal. The entire
process is expected to take 2 to 5 years to complete.

In accordance with Section 106 of the National Historic Preservation Act of 1966 (INHPA) and
its operating regulations in 36 CFR 800, it 1s LM’s determination that the proposed removal of
the existing evaporation pond comprises an undertaking in accordance with regulations found at
36 CFR 800.16(y). The work proposed is a type of activity that has the potential to have an
adverse effect on historic properties should they be present; therefore, LM is initiating the NHPA
Section 106 consultation process with your office. The area of potential effect (APE) for the
proposed undertaking is depicted on the enclosed figure.
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Previous work with your office has allowed LM to develop a comprehensive understanding of
the existing cultural resources, mostly archacological sites, found in the area surrounding the
APE. Dinetahdoo Cultural Resources Management LL.C summarized these resources in their
report An Expanded Literature Search of Cultural Resources and Site Reassessment of 903 Acres
in Shiprock, San Juan County, New Mexico (DRCM 2018-34); a copy of this report was
provided to you by Dinetahdoo in late 2018. This report and its associated map documented the
presence of six archeological sites that merit consideration as historic properties and one
Traditional Cultural Property in the project area. However, all the properties are outside of the
APE that LM has identified for ground-disturbing activity; thus, the proposed work will avoid all
these previously identified cultural resources.

Please note that LM is not proposing to conduct any ground-disturbing activity outside of the
APE indicated on the map. Should such activity be required outside of the APE in the future,
additional consultation with your office would first be completed.

In accordance with 36 CFR 800.4(d)(1), LM has determined that there are no historic properties
subject to effect by the proposed undertaking because none are present within the APE at the
Shiprock disposal site. Should unidentified archaeological resources be discovered during site
work, we would stop work until the resources have been evaluated in accordance with the
National Register of Historic Places eligibility criteria found at 36 CFR 60.4. Such an evaluation
would be made in consultation with your office in accordance with 36 CFR 800.13. If the scope
of the described routine work changes substantially, additional consultation with your office may
be required.

Please contact me at (505) 592-2447 or Joni. Tallbulli@lm.doe.gov if you have any questions.
Please let us know if you lack copies of any of the archaeological reports referenced in this letter,
and we will provide them to you. Please address correspondence to:

U.S. Department of Energy
Office of Legacy Management
2597 Legacy Way

Grand Junction, CO 81503

Sincerely,
H Digitally sighed by JoniR.
Joni R. Tallul
Date: 2023.03.13 16:17:19
Tallbull o
Joni Tallbull
Shiprock Site Manager
Enclosures
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cc w/enclosure via email:
Padraic Benson, DOE-LM
Joyce Chavez, DOE-LM
Tracy Ribeiro, DOE-LM
Joni Tallbull, DOE-LM
Kate Whysner, DOE-LM
Jeff Carman, RSI

Jim Denier, RSI
Anthony Farinacci, RSI
John Gabriele, RSI
David Miller, RSI

Joe Trnka, RSI

DOE Read File
ELEM/20/2277
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Carrizo Mountain Environmenta| & Herbarium

) 695 (CR 233, Suite A, Durango, CO 81301
505.795.1140

May 10th, 2023
Navajo Nation Department of Fish and Wildlife
Natural Heritage Program

PO Box 1480
Window Rock, AZ 86515

Requestor Name: Carrizo Mountain Environmental & Herbarium, Inc.
Contact Person: Samantha Hunt
Mailing Address: 693 County Road 233, Ste. A
Durango, CO 81301
Phone: 513-562-7460
Email: carrizo.samh@gmail.com

SUBJECT: We, Carrizo Mountain Environmental & Herbarium, Inc., are requesting data on the
occurrence/potential occurrence of species of concern in the project area of the following Shiprock
Disposal Site on behalf of RSI EnTech, LLC. RSI EnTech is consulting on this project on behalf of
the U.S. Department of Energy (DOE) Office of Legacy Management (LM).

RSI EnTech, LLC Shiprock Disposal Site

Section(s) Township Range County
36 30 North 18 West San Juan
1 29 North 18 West San Juan

7.5 Minute Series USGS Quadrangle(s): Shiprock

Project Description:

LM proposes to remove an evaporation pond and associated infrastructure at the Shiprock, New Mexico,
Disposal Site. The proponent also plans to install new perimeter fencing and three additional gates to the
previously disturbed project site. The proposed project would be on Navajo lands subject to Bureau of Indian
Affairs and Navajo Tribal oversite. The project area is located approximately one mile south of Shiprock, New
Mexico. The project is east of U.S. Hwy 491 and is on Foxtail Trail.

Attached find a topographical map of the proposed location. If you have questions or need additional
information, please contact me at the below phone number.

Sincerely,

Samantha Hunt

Biologist

Carrizo Mountain Environmental & Herbarium, Inc.
513-562-7460

I mvironmental & Archaco|ogica| Consu'ta nts
New Mexico, C olorado, Arizona, (tah/505.793.1140
Carrizo. ogicc@gmailcom
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1.0 Introduction

The human health risk assessment (HHRA) evaluates the potential adverse human health effects
of exposures to hazardous chemicals and radionuclides from hypothetical implementation of the
three remedial alternatives being evaluated for addressing leakage of the evaporation pond at the
Shiprock Site. The objective of the HHRA is to support selection of a remedy that is health-
protective of onsite and offsite maximally exposed individuals (MEIs). The three remedial
alternatives include:

e Alternative 1 — No Action Alternative

e Alternative 2 — Full Decommissioning and Disposal of the Existing Evaporation Pond at
Oft-Site Licensed Waste Facilities via Highway Transport

e Alternative 3 — Full Decommissioning and Disposal of the Existing Evaporation Pond at
Off-Site Licensed Waste Facilities via Highway/Rail Transport

Detailed descriptions of Alternatives 1, 2, and 3 are provided in the Environmental Assessment
(EA) Sections 2.1, 2.2 and 2.3, respectively. To facilitate the analysis of each alternative,
potential impacts are assessed for MEIs identified within the ROIs described in EA Section
3.11.1. MEIs include onsite workers, onsite remediation workers, site trespassers, and offsite
residents. Offsite residents are hypothetically assumed to be resident farmers who grow fruits,
vegetables and grains, as well as raise livestock. These impacts are calculated as potential excess
lifetime cancer risks (ELCRs) and noncancer hazard indices (HIs) for chemicals identified as
contaminants of potential concern (COPCs), and as potential ELCRs and radiological doses (i.e.,
in millirem [mrem] per year [mrem/yr]) for radionuclides identified as COPCs. Calculations and
characterization of chemical and radiological ELCRs, radiological doses and noncancer Hls are
the final step in the HHRA process, which is comprised of the steps described briefly.

o Data Evaluation — Identifies the appropriate HHRA analytical data sets for media of
interest in the evaporation pond to be used for evaluations of the three remedial
alternatives.

e Conceptual Exposure Model — Evaluates the physical, radiological and chemical
characteristics of media of interest in the evaporation pond relative to the remedial
alternatives being considered for decommissioning, as well as the ROI and MEIls. From
this information, the site conceptual exposure model (CEM) establishes the information
and assumptions from which the HHRA is developed and later refined relative to
potential human exposures.

o Identification of Contaminants of Potential Concern — Selects medium-specific COPCs
for evaluation of potentially complete MEI/exposure pathway combinations determined
from the CEM. COPCs are determined from data comparisons with EPA generic and
calculated risk-based screening levels. Radiological and/or chemical COPCs identified in
this step are the focus of evaluations in the subsequent HHRA steps.

o Exposure Assessment — Quantifies concentrations of COPCs in environmental media to
which onsite and offsite receptors are exposed and discusses assumptions regarding rates,
frequencies and durations of intakes/exposures. This step also introduces computer and
environmental fate and transport models used to estimate exposures.
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o Toxicity Assessment — Presents an assessment of the potential adverse effects of the
exposures to COPCs and a compilation of the toxicity values used for developing
numerical ELCR, dose and hazard estimates.

o Impacts Characterization — Integrates the results of the identification of COPCs, exposure
assessment and toxicity assessment to calculate numerical estimates of potential ELCRs,
radiological doses and hazards.

o Uncertainties — Presents sources of uncertainty associated with the data, methods, and
exposure and toxicity values, etc., used in the HHRA and whether these sources result in
an over- or under-estimation of actual impacts to MElIs.

2.0 Data Evaluation

Analytical data being used in this HHRA include sediment and surface water data collected from
the evaporation pond. Although surface water and sediment data have been collected from seeps
and washes (i.e., Bob Lee and Many Devils Washes) in the terrace and flood plain areas, the
focus of the HHRA is the potential impacts from the pond under a no-action alternative and from
the potential releases of contaminants that could occur during implementation of the two pond
removal alternatives. Additionally, although groundwater can potentially be impacted by leaks in
the HDPE liner in the evaporation pond, data from past groundwater sampling events from
throughout the terrace and floodplain areas are not included in this HHRA. This HHRA focuses
on the potential impacts to groundwater from the pond under the three remedial alternatives, both
directly beneath the pond and at a downgradient, offsite receptor (MEI) location. No attempt is
made to evaluate or characterize existing current or possible future groundwater conditions
throughout the terrace and floodplain areas. Therefore, seep and groundwater data are not
included in this HHRA.

Both radiological and non-radiological contaminants have been detected in sampled pond media
(i.e., sediment and surface water) that could result in onsite and offsite exposures to MEIs.
Concentrations of radionuclides, particularly in sediment, are the result of over 20 years of
continuous pumping of groundwater containing naturally occurring levels of radionuclides into
the evaporation pond, with subsequent sedimentary settling. Naturally Occurring Radioactive
Material (NORM) is defined as “materials which may contain any of the primordial
radionuclides or radioactive elements as they occur in nature, such as radium, uranium, thorium,
potassium, and their radioactive decay products, such as radium and radon, that are undisturbed
as a result of human activities.” The effects of continuous pond settling of NORM received from
the groundwater treatment system has resulted in a concentration effect. This concentration of
NORM in the pond sediment is called Technically Enhanced NORM. “Technologically
enhanced" means that the radiological, physical, and chemical properties of the radioactive
material have been concentrated or further altered by having been processed, or beneficiated, or
disturbed in a way that increases the potential for human and environmental exposures; it’s
associated with the Shiprock evaporation pond decommissioning have been evaluated in this EA
to determine if it can present a hazard to human health and safety.

Furthermore, the Shiprock site, including the evaporation pond, falls under the regulatory authority
of 40 CFR 192, Health And Environmental Protection Standards For Uranium And Thorium Mill
Tailings, which applies to the control of residual radioactive material at designated processing or
depository sites under section 108 of the Uranium Mill Tailings Radiation Control Act of 1978 and

U.S. Department of Energy Environmental Assessment for the Evaporation Pond at the Shiprock, New Mexico, Disposal Site
July 2023 DOE/EA-2195
Page D-4



DRAFT

to restoration of such sites following any use of subsurface minerals under section 104(h) of the
Act, and under the regulatory authority of DOE O 451.1, Radiation Protection of the Public and
the Environment which establishes requirements to protect the public and the environment against
undue risk from radiation associated with radiological activities conducted under the control of
DOE pursuant to the Atomic Energy Act of 1954, as amended.

2.1 Pond Sediment Data

The sediment data are for samples collected systematically from throughout the pond area (i.e.,
based on a sampling grid) in November 2022. Validated sediment analytical data and the
associated summary statistics are presented in Attachment D-1, Tables D-1-1 and D-1-2,
respectively. A total of 11 samples were collected from sampling locations identified as locations
7000 through 7010. One field duplicate was collected from location 7006. All samples were
analyzed for the radiological parameters, metals, general chemistry parameters, and hazardous
waste characteristics. Radiological parameters include gross alpha, gross beta, uranium
(U)-233/234, U-235/236, and U-238. Of these parameters, only the isotopic uranium data are
usable in a risk assessment because activity fractions (used for converting to isotopic
concentrations) and radiological toxicity factors (i.e., discussed in the Toxicity Assessment) are
not available for quantifying risk and dose for gross alpha and beta activities. Metals parameters
include arsenic, barium, cadmium, calcium, lead, magnesium, manganese, mercury, potassium,
selenium, sodium, strontium, uranium, and zinc. General chemistry parameters include chloride,
nitrate as nitrogen, nitrite, pH (not used in the HHRA), and sulfate. Hazardous waste
characteristic parameters for which data are presented include the Toxicity Characteristic
Leaching Procedure (TCLP) metals but are not used in the HHRA. Data for other hazardous
waste characteristic parameters were also collected during the field investigation (e.g., flashpoint
and reactive cyanide/sulfide), but are not presented as those results generally support waste
disposal and are not used for HHRAs.

Table D-1-2 shows that of the parameters presented in Table D-2-1, all were detected in at least
one sediment sample, except for mercury, nitrite, TCLP arsenic, TCLP lead, and TCLP mercury,
which were reported to be nondetects. Gross alpha/beta, U-233/234, U-238, barium, calcium,
magnesium, manganese, potassium, selenium, sodium, strontium, uranium (U), and zinc,
chloride, nitrate as nitrogen, sulfate, TCLP barium, and TCLP selenium were detected in all
sediment samples collected from the evaporation pond. Other detected analytes include
U-235/236, arsenic, cadmium, lead, TCLP cadmium, TCLP chromium, and TCLP silver.

2.2 Pond Surface Water Data

Surface water data for the evaporation pond that were considered for use in the HHRA are
presented in Table D-1-3, with the associated summary statistics being presented in Table D-1-4.
Surface water samples have been collected over multiple rounds for years. Because groundwater
has been continuously pumped to the evaporation pond for years, the volume of water and
concentrations present in the pond are subject to fluctuations with factors such as pumping rates
and seasonal/climactic conditions. Therefore, to account for surface water concentration
fluctuations in the HHRA data set, surface water data collected from two pond locations

(i.e., locations 1215 and 1342), from March 2016 to September 2022, are included in the HHRA.
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Table D-1-3 presents analytical data for 16 surface water samples collected from the two pond
locations over a six-year period. Data for one field duplicate sample (collected in July 2018) are
presented for location 1342. All samples were analyzed for the radiological parameters, metals,
general chemistry/field parameters, and other parameters. Radiological parameters include
thorium (Th)-228, Th-230, Th-232, U-233/234, U-235/236, and U-238. The comprehensive lists
of metals and general chemistry/field parameters are presented in Table D-1-3. Other parameters
include methanol, silica, silicon, and stable isotopic ratios of oxygen and sulfide in sulfate. Of
the general chemistry/field parameters and other parameters, ammonia chloride, fluoride, nitrate
plus nitrite nitrogen, sulfate, total residual chlorine, and silica are considered for the HHRA.

Table D-1-4 shows that of the isotopic thorium and uranium parameters, Th-228 and Th-230
were not detected in any surface water sample collected from the pond in 6 years. Other
parameters not detected in any sample include aluminum, beryllium, chromium, lead, mercury,
silver, and methanol. All three uranium isotopes, barium, boron, calcium, magnesium, nickel,
potassium, selenium, sodium, strontium, thallium, uranium, zinc, ammonia, chloride, fluoride,
sulfate, total residual chlorine, and silica were detected in all surface water samples collected
from the evaporation pond. Other detected parameters include Th-232, arsenic, cadmium,
copper, iron, and manganese.

A comparison of surface water versus sediment analytes shows that more parameters were
analyzed in surface water than in sediment, most notably regarding radionuclides and metals.
Detected surface water parameters that were not analyzed in sediment samples include Th-232,
boron, copper, iron, nickel and nitrate plus nitrate nitrogen.

3.0 Conceptual Exposure Model

Decommissioning of the evaporation pond could result in potential exposures to onsite and offsite
MEIs within the ROI. The types and magnitudes of exposures to affected MEIs associated with
pond decommissioning are dependent upon the remedial alternative selected; therefore, a CEM has
been developed for each remedial alternative (i.e., Alternative 1, and Alternatives 2 and 3). Each
CEM describes the source(s) of contaminant exposures, mechanisms of the contaminant release
from the source, environmental migration and transport pathways, affected onsite and offsite
exposure media, potential MEIs, and human routes of chemical intakes and radiological exposures
(i.e., ingestion, dermal contact, inhalation, and external radiation exposures).

The objective of the CEM is to identify those MEI/exposure pathway combinations that are
potentially complete (meaning that exposures could occur), as well as those MEI/pathway
combinations that are expected to be incomplete or insignificant. Complete exposure pathways are
retained for further evaluations in the HHRA; whereas incomplete or insignificant pathways are
eliminated from the HHRA. Depending on the remedial alternative, exposures are evaluated for
MEIs assumed to be located onsite and offsite. For this evaluation, onsite MEIs are receptors
located either at the evaporation pond or within the boundaries of the Shiprock site and can have
direct contact exposures to COPCs identified in pond media (i.e., sediment and/or surface water).
Offsite MEIs are located outside of the site boundaries and do not have direct contact exposures to
media in the pond. Rather, offsite MEIs can become indirectly exposed to contaminants released
from the pond via environmental transport mechanisms (e.g., air and groundwater transport).
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The MEIs evaluated in the HHRA are determined by onsite and offsite land uses, which are
described in Section 3.7 of this EA report as being a mix of commercial/industrial, recreational
and residential. Some residential land uses include agricultural uses. Based on these land uses,
MEI scenarios considered applicable to this evaluation include onsite workers, site visitors, and
offsite residents. Additionally, because of the active decommissioning alternatives being
evaluated for the evaporation pond (i.e., Alternatives 2 and 3), pond remediation workers are also
identified as MEIs. A brief description of each MEI is provided.

e Onsite worker — An individual whose job is the continued daily operation and
maintenance of the groundwater remediation system and evaporation pond, as well as
other site operations. Although health and safety requirements protect workers from
exposures to contaminants in pond media, it is assumed that hypothetically, those
requirements are not implemented, only for the purpose of conducting a health-
conservative evaluation.

o Site Visitor — An individual who does not work at the site but occasionally accesses this
site either with or without permission, i.e., as a working visitor or a trespasser,
respectively. A working visitor is an individual who accesses the site in some capacity
that supports the site operations. Typically, the working visitor accesses the site during
standard site operating hours and complies with all rules and restrictions, which include
those restrictions that preclude exposures to pond media. On the other hand, the
trespasser is an individual who may access the site, typically outside of the site standard
hours of operation. It is assumed that for the purpose of this evaluation that the trespasser
is an adolescent or young adult. Because the trespasser does not comply with site
restrictions, contact with contaminants in pond media is assumed to be not only possible,
but much more likely than for a working visitor directly. Because of the potential to incur
greater health risks, the site visitor in this HHRA is evaluated as a trespasser, and is
hereafter, referred to a trespasser.

o Pond Remediation Worker — An individual who performs work that directly supports
pond dewatering and sediment removal activities at the groundwater evaporation pond
under Alternatives 2 and 3. Although health and safety requirements and PPE prevent
exposures to contaminants in pond media, it is assumed that hypothetically, those
requirements are not implemented for the purpose of conducting a health-conservative
evaluation of this receptor.

o Offsite Resident — An individual hypothetically assumed to be a resident farmer, who
grows fruits, vegetables and grains, as well as raises livestock. For this evaluation, offsite
resident farmers are assumed to be located downwind or downgradient from the pond and
can become indirectly exposed to contaminants released from pond media that have
migrated via air or groundwater transport mechanisms, respectively. Multiple
hypothetical offsite receptor locations are evaluated based on downwind and
downgradient proximities to the evaporation pond.

For each remedial alternative, medium-specific migration pathways and human exposure routes
applicable to each MEI are discussed hereafter. CEMs are also presented schematically for
Alternative 1 in Appendix D, Figure D-1 and for Alternatives 2 and 3 in Figure D-2.
Additionally, a CEM showing post-remedy (i.e., Alternatives 2 and 3) exposures to offsite
resident farmers is presented in Figure D-3.
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best management practices (BMP) under Altemative 1 would likely minitnize or even elitrinate surface water exposures; therefore, surface water exposures arenot evaluated.

© The trespasser is assumed to be an individual ofages 1110 20 years old who is exposed to pond sediment and surface water under Alternative 1, for | hour per day, 75 days per year, over 10 years. Seditnent is assumed to be in a loosened form, as opposed to a hardened salt matriz, to maximize contaminant availability for exposures
for the pumose of this evaluation

* Under Remedial Alternative 1, the pond is not remediated and allowed to remain in place. Therefore, there are no remediation workers at the pond and all exposure pathways are incomplete.

* Under Alternative 1, offsite resident farmmers are evaluated for exp osures to windblown sediment. dusts that are atmosp herically transp orted from the evaporation pond (assurming no surfa ce water cover), while uadergoing dis erion, then deposition onto offite sl The rsident farme s szposed via the fllowiag pathays: col
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Under Alternative 1, none of the evaluated receptors directly or indirectly contact subsurface soil beneath the HDPE liner of the evaporation pond. However, there ate no analytical data available for evaluating receptor exp osures to subsurface soil beneath the pond.

& Neither temace or floodplain groundwater is curently being used for potable purposes due to institutional controls, however, for the putpose of this evaluation, exposures are to occur under Altemative |

Figure D-1. Human health conceptual exposure model for onsite and offsite receptors, Alternative 1, Shiprock, New Mexico, disposal site
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“"Rad" indicates that the exposure route is applicable to radionuclides *Chern" indicates that the exposure route is applicable to chemicals.

™ The onsite worker wa s evaluated for pond sediment exposures under A liernative 1 The onsite worker is ot evaluated for sediment exposures under Alternatives 2/3 because the pond remediation worker represents the more health-conservative worker scenario during remediation. The use of PPE and pond devatering under
Alternative 2 would likely elimingte surfice water exposures, therefore, Surface Water exposures are not evaluated.

© The trespasser is assumed to be an individual of ages 11 to 20 years old who is exposed to pond sutface water and sediment under Altemative 1, for | hour per day, 75 days per year, over 10 years. Under Altermatives 2/3, the presence of additional fencing and security measures could make trespasser access o the evaporation pond

more difficult. Additionally, because sediment likely to be less than under Alternative 1, this receptor is not evaluated under Altemative 213
4 During imglernentation of Alternative 2/3 remediation, it is assumed that a remediation worker is exposed to dewatered pond sediment. Although PPE and other health & safety measures are likely to be during A lternatives iti assumed, in order to maximize receptor exposures for the
purpose of this evaluation, that PPE and health & safety measures are absent. Pond dewatering under A lternatives 2/3 surface water exposure p for this receptor. A dditionally, any exposures to surface veater during the dewatering process are ikely to be far less in duration than assumed for the trespasser scenario

under Altemative |

* During itnplementation o f Altematives 2/3, offste resident farmers are assamed to be exposed to windblown sediment dusts that ate atmospherically transporte d from the evaporation pond. During air transport, dust emissions undergo dispersion, then are deposited orto offsite surface soil. Therefore, exposutesto pond dusts are
evaluated for one year during Altematives 3/3 remediation. Once remediation is complete, post-remedy exposures to offsite soil are then assessed over a 1,000-year period of evaluation. The resident fanmer is exposed via the following pathways: soil ingestion, external radiation from soil, inhalation of dusts from the pond (priorto
deposition), inhalation of resispended dusts from offsite soil, and the consutmption of homegrown fruits and vegetables, meat and daity. B ecause the prevailing wind directions (i.e., to the west and nothwest) differ fom the direction of groundwater flow away from the evaporation pond (ie., to the nottheast), dovnwind offsite
teceptor locations being evaluated for atmospheric transport are not the same as the Tocations being evaluated for groundwater impacts

“Under Alternatives 2/3, the pond is dewatered, thereby mininizing the potential for surface water exposures. Pathway during pend and sediment d ewatering, then incomplete,

SUnder Altematives 2/3,a remediation worker could contact sub surface soil ben eath the evaporation pond during remediation via ingestion, dust inhalation, external radiation, and dermal exposures. A dditionally, mechanical disturbance of subsurface soil during remediation could resultin dust emissionsto offsite resident farmer
Tocations, with sub sequent dep osition to surface soil. O farrner exp osures N , external radiation, and demmal exposures, as well as exposures from the of homegrowm fruits, meat and dairy. Although subsurface soil pathways are
potentially complete for the remediation work er and offsite resident farmer, there are no analytical data available for evaluating direct and indirect exposures to subsurface soil beneath the pond

*Neither terrace or fioodplain groundwater is currently being used for potable purposes due to institutional controls. Additionally, source removal of the pond media and subsurface soil under &ltermatives 2/3, minimizes/eliminates offsite groundwater exposures to pond contaminants that would otherrwise impact the grovndwater per
Alternative 1. Therefore, this pathway und er A lternatives 23 of offsite groundvwater exposures, as well as biouptake of contaminants from groundwater into hamegrown produce, meat and dairy, under Altemative 1 is more health-conservative than for Altematives /3

Figure D-2. Human health conceptual exposure model for onsite and offsite receptors during implementation of Alternatives 2/3, Shiprock, New
Mexico, disposal site
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* Once Alternatives 2/3 remediation is complete, post-remedy exposures to offsite soil are assessed over a 1,000-year period of evaluation. The resident farmer s exposed via the following pathways: soil ingestion, external radiation from soil, inhalation of resuspended dusts
from offsite surface soil, and the consumption of homegrown fruits and vegetables, meat and dairy. Leaching of deposited contaminants in the offsite surface soil to subsurface soil and groundwater over time is likely

© Groundwater pathw ays in this CEM are considered only for the offsite locations that receive air deposition from the pond, and not the downgradient groundwater receptor location evaluated under Alternative 1. As a result of pond remediation, leaking and infiltration of pond
contaminants into the groundiwater are mitigated, therefore, groundwater transport from the pond to the downgradient groundiwater receptor location (e, to the northeast of the former pond area), as Well as associated exposure pathways, are eliminated

Figure D-3. Human health conceptual exposure model for offsite receptors after completion of Alternatives 2/3, Shiprock, New Mexico, disposal
site

U.S. Department of Energy Environmental Assessment for the Evaporation Pond at the Shiprock, New Mexico, Disposal Site
July 2023 DOE/EA-2195

Page D-10



DRAFT

3.1.1 Alternative 1 — No Action Alternative

Under the No Action Alternative, the sediment, as well as the HDPE liner, are allowed to remain
in the evaporation pond with no dewatering of surface water. Degradation of the liner is allowed
to continue. According to Section 2.1, residual sediment would remain in the pond and
continuous pumping of water would occur to ensure the sediment remains saturated for airborne
particulate control. However, for the purpose of this analysis, it is hypothetically assumed that in
the future, the groundwater pump and treat operations have ceased. This allows for the eventual
drying of pond sediment, thereby increasing the availability of sediment for human exposures to
facilitate a health-conservative evaluation of the sediment. Under this alternative, the availability
of contaminants for human health and environmental exposures depends on the conditions of the
sediment matrix and the progressively deteriorating HDPE liner. The current conditions of the
pond media and liner (as of November 2022) are described hereafter.

Evaporation Pond Sediment

During the November 2022 sediment sampling event, the following observations were made
regarding sediment conditions at the pond that could impact remedial alternatives evaluations, as
well as the potential for human exposures (RSI EnTech, 2022):

e Loose sediments (muddy sediments/water) were encountered out to an average of 8 feet
(ft) from the pond’s dry edge when the team entered the pond.

e Beyond the 8-ft loose sediment layer, the bottom surface below the waterline became
covered with a homogeneous rock-hard salt layer. The water covering the rock salt
averaged about 6 inches.

e As the team attempted to penetrate this hard salt layer at the 11 sampling locations, steel-
pointed shovels could not break through the rock salt. The team had to use a steel rock
bar to break down through the rock salt to reach the surface of the HDPE liner. This salt
breaking effort was performed carefully to prevent any damage to the liner itself. The
rock salt was found to be in stratified layers.

e [t was noted that the rock salt layer extended all the way down to the surface of the
HDPE liner in all 11 locations. There was no instance observed where any underlying
open space below the rock salt contained salt water (brine) instead of the solid rock salt
all the way down to the liner surface during the sampling event.

Evaporation Pond Liner

The pond liner is a 45-millimeter (mil)-thick, scrim reinforced HDPE
geomembrane/geosynthetic clay composite liner underlain by a compacted soil base. The liner
has a 20-year warranty from the liner manufacturer and installer. The liner warranty period
essentially coincides with the design life of the pond. According to the findings of a leak
detection investigation of the liner (HGI, 2021), the pond liner is exhibiting increasing signs of
deterioration, such as areas of wear and small holes that require repair. Defects in the liner can
lead to environmental migration and subsequent receptor exposures to contaminants in the pond
water and sediment.
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Human Health Impacts Evaluation of Alternative 1

Considering the observed conditions of the sediment/salt matrix and the HDPE liner, the
information and assumptions described below are applied for assessing human health impacts
from implementation of remedial Alternative 1. MEI/exposure pathway combinations that are
identified as complete are presented in Figure D-1.

e Under normal operating conditions both the loose and hardened sediment layers remain
under water due to continuous operation of the groundwater pumping system. However,
under this alternative, groundwater pumping operations have ceased, so it is assumed that
surface water (as observed in November 2022) may only intermittently exist.

o The presence of surface water prevents wind erosion of loose sediment and there are no
atmospheric releases of contaminated sediment dust particulates to offsite locations.
However, when surface water is not present, the atmospheric transport pathway to
downwind, offsite resident locations, followed by particulate deposition onto offsite soil
and homegrown produce, is complete. Therefore, as a health-conservative evaluation, it is
assumed that surface water is absent, allowing for windblown releases of pond sediment
particulates into the air, which are dispersed during air transport and deposited at
downwind offsite locations. Based on the CEM analysis, offsite resident farmer
exposures are assumed to occur via offsite soil ingestion, dermal contact, external
radiation, and inhalation of dust particulates following resuspension. Additionally,
exposures to the resident farmer may occur via the consumption of homegrown fruits,
vegetables and grains, as well as homegrown meat and dairy impacted by both
atmospheric and groundwater transport pathways. Potential impacts to offsite
groundwater at locations A through F under Alternative 1 are likely to be insignificant
but are being assessed in the HHRA.

o Offsite resident farmer exposures to maximum concentrations estimated to be in the
surface soil and other affected media are assessed 1,000 years into the future in
accordance with DOE Order (DOE O) 458.1 (Radiation Protection of the Public and the
Environment).

e Based on the prevailing wind directions shown in the wind rose developed using site-
specific meteorological data shown in Figure D-4, six offsite receptor locations were
selected for evaluation of impacts that could result from atmospheric transport. These
locations (labeled A through F) are presented in Figure D-5. Because the prevailing wind
directions (i.e., to the west and northwest) differ from the direction of groundwater flow
away from the evaporation pond (i.e., to the northeast), downwind offsite receptor
locations being evaluated for atmospheric transport are not the same as the three
hydraulically downgradient offsite receptor locations shown in Figure D-5. Separate
downwind and downgradient receptor locations are evaluated to maximize exposures that
could results from atmospheric and groundwater pathways, respectively.

e Although sediment in the evaporation pond exists in the forms of loose sediment and a
hardened salt crust or monolithic mass, sediment exposures to onsite receptors under
Alternative 1 conservatively assume that all sediment is loose and therefore, more
bioavailable for human exposures.

e Onsite workers at the Shiprock Site are typically not exposed via direct contact with
contaminants in evaporation pond media due to established and required health and safety
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practices (i.e., best management practices [BMPs]), which include the use of personal
protective equipment (PPE) as needed. Workers would be protected via implementation
of DOE requirements (e.g., 10 CFR Part 835, “Occupational Radiation Protection,” and
10 CFR Part 851, “Worker Safety and Health Program and Administration Procedures.”).
However, for the purpose of this evaluation, onsite workers are conservatively assumed
to be exposed to loose/aggregated pond sediments that have become exposed following
the loss (i.e., through evaporation) of surface water, though it is assumed that some
surface water may still exist. The assumption of loose sediment results in an increased
availability of sediment for human exposures as opposed to that of the hardened salt
matrix. Complete onsite pond sediment exposure pathways include ingestion, dermal
contact, external radiation, and inhalation of dust particulates. Surface water exposures
are not assumed to be significant for the onsite worker to due to a combination of
evaporation and the establishment of health and safety practices (i.e., BMPs).

e None of the onsite MEIs considered under Alternative 1 are assumed to have access and
contact exposures with subsurface soil or groundwater directly beneath the evaporation
pond and Shiprock Site.

o Land use controls are in place at the site consisting of fencing to prevent access by
unauthorized persons. However, vandalism has occurred in the past, mainly consisting of
fence material theft. Therefore, trespassing into the evaporation pond area cannot be ruled
out.

o Under Alternative 1, the presence of surface water is assumed to be intermittent.
Therefore, trespassers are assumed to be exposed to loose pond sediments that have
become exposed following the loss (i.e., through evaporation) of surface water, though it
is assumed that some surface water may still exist at all times under Alternative 1. The
assumption of loose sediment results in an increased availability of sediment for human
exposures as opposed to that of the hardened salt matrix. Complete onsite pond sediment
exposure pathways include ingestion, dermal contact, external radiation, and inhalation of
dust particulates.

o Unlike the onsite worker, surface water exposures are assumed to be more significant for
a trespasser due to the unpermitted, random behaviors of the trespasser and
noncompliance with site restrictions (i.e., fencing, signage, etc.). Health impacts to
trespassers contacting surface water are assessed by assuming that trespassers wade into
the surface water, resulting in potential water ingestion, dermal contact and external
radiation (immersion) exposures. Inhalation of volatile chemicals in surface water is an
incomplete pathway due to none being detected.

e Current land use restrictions prohibit residential redevelopment of the Shiprock Site;
therefore, there are no current and hypothetical future onsite residents evaluated for
exposures to pond media at the evaporation pond.

e Under Alternative 1, contaminants in pond media are allowed to leak through defects in
the deteriorating HDPE/clay liner, while percolating downward through the subsurface
soil, and into the east terrace alluvium and Mancos Shale groundwater.

o Currently, groundwater in both the floodplain and terrace is not currently used for any
purpose and is not considered potable. Treated water for the Shiprock community is
provided through an interconnection with the municipal supply of Farmington, New
Mexico, and is sourced from the Animas River (DOE, 2022b). However, the evaluation
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of Alternative 1, assumes that groundwater impacted pond contaminant infiltration
migrates offsite to three hypothetical downgradient resident farmer location locations (see
Figure D-5), where it is hypothetically used for potable purposes to calculate human
health impacts. The three locations are labeled as RO (located at a downgradient edge of
the evaporation pond), R1 (located at pumping well 1093R) and R2 (located at the San
Juan River). Groundwater transport modeling is used to simulate migration of
groundwater contaminants from the evaporation pond to a downgradient, offsite receptor
well located in closest proximity to the pond. Groundwater exposures to residents are
assumed to occur hypothetically via ingestion of drinking water, dermal contact and
external radiation while bathing/showering, and subsequent consumption of homegrown
produce, meat and dairy following irrigation and watering of livestock.
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Figure D-4. Wind speed and direction distribution at the Shiprock disposal site
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Figure D-5. Offsite receptor locations for air and groundwater transport modeling analyses

3.2 Alternative 2 — Full Decommissioning and Disposal of the Existing Evaporation Pond
at Off-Site Licensed Waste Facilities via Highway Transport

This alternative involves mitigating the potential for human exposure to the sediment in the
evaporation pond through excavation and off-site disposal. Pond dewatering will be performed in
accordance with the following document: Alternatives Assessment Dewatering of Sediments &
Evaporation Pond, Shiprock, NM Disposal Site (Geosyntec Consultants, 2022). Once dewatered,
the sediment will be amended with clean fill (e.g., Portland cement) until it has a moisture
content appropriate for excavation, packaging, transport, and off-site disposal. Removed
sediment, along with the HDPE liner, is to be packaged then transported by highway to an offsite
licensed waste facility. Once sediment and liner removal activities are complete, clean backfill
would be brought to the site to backfill the excavation and would be graded to facilitate
stormwater runoff, and to match existing grades.

Based on the above information, the information and assumptions below are applied for
assessing human health impacts from implementation of remedial Alternative 2. MEI/exposure
pathway combinations that are identified as complete are presented in Figure D-2.

e Soil removal and decontamination and decommissioning (D&D) are not expected to
result in a discharge of contaminants to groundwater.

e Soil removal and D&D would incorporate procedures (e.g., BMPs) to protect against
discharge of contaminants via surface runoff.

o Health impacts to onsite workers and pond remediation workers are expected to be
insignificant because of required implementation of health and safety BMP among which
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are water-spraying to control dust emissions and the use of PPE. Workers would be
protected via implementation of DOE requirements (e.g., 10 CFR Part 835,
“Occupational Radiation Protection,” and 10 CFR Part 851, “Worker Safety and Health
Program and Administration Procedures”). However, for the purpose of this evaluation,
pond remediation workers are conservatively assumed to be exposed to (dry) pond
sediments following dewatering and during excavation and removal actions. Exposures
could occur via sediment ingestion, dermal contact, dust inhalation, and external
radiation. No surface water exposures are likely to pond remediation workers assuming
the pond is dewatered.

e Similar to pond remediation workers, and despite implementation of health and safety
BMP, it is assumed that onsite workers can also be exposed to dry sediments via
ingestion, dermal contact, dust inhalation, and external radiation. However, during
decommissioning under Alternative 2, which is anticipated to last approximately one
year, sediment exposures to pond remediation workers are expected to be more contact-
intensive than sediment exposures to onsite workers, thereby resulting in higher health
risks for the remediation worker versus the onsite worker. Therefore, during the HHRA,
only the pond remediation worker exposures are quantitatively evaluated.

o Following pond dewatering and the start of excavation/removal of the sediment and liner,
it is assumed that site trespassers could access the pond during off-hours, when no
decommissioning work is being done. Under this scenario, exposures to sediment and
broken rock salt could occur via ingestion, dermal contact, dust inhalation, and external
radiation. However, because sediment concentrations under Alternative 2 are assumed to
be slightly less (due to addition of amendment) than those being assessed under
Alternative 1, this scenario is not being quantitatively assessed for Alternative 2.

e Pond sediment excavation and dumping activities could result in emissions of dust
particulates from the pond into the air, with subsequent transport, dispersion, and
deposition onto offsite surface soil throughout the one-year period during which
Alternative 2 is being implemented. Potentially affected offsite members of the public
include a resident farmer who could become exposed occur via the following pathways:
offsite soil ingestion, external radiation from offsite soil, inhalation of dusts from the
pond that are suspended in the air (prior to deposition), inhalation of resuspended dusts
from offsite soil, and the consumption of homegrown fruits and vegetables, meat and
dairy impacted by deposition. Resident farmers at offsite locations A through F (see
Figure D-5) are evaluated for exposures via these pathways during Alternative 2
decommissioning. Potential impacts to offsite groundwater at locations A through F
during Alternative 2 decommissioning are likely to be insignificant but are being assessed
in the HHRA.

e Primary source media removal from the evaporation pond (i.e., surface water, sediment
and salt matrix), along with the deteriorating liner would mitigate contaminant migration
to the subsurface soil and subsequently, groundwater. It is assumed that all subsurface
soil contamination is removed under Alternative 2 and that there are no impacts to human
health from subsurface soil.

o Downgradient, offsite concentrations of pond contaminants determined during the
groundwater modeling calculations for remedial Alternative 1 are representative of the
worst-case scenario for hypothetical potable use by offsite residents. Under Alternative 2,
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the primary pond contaminant source media are removed; therefore, calculations of
health impacts associated with offsite groundwater migration pathways are not necessary.

e After removal, the sediment/liner wastes are loaded into supersacks inside of a proposed
temporary waste packaging building where it is staged until offsite transport and disposal.
The building and supersack packaging prevent dust emissions to outside air. Because of
health and safety practices by workers and no release of dust emissions to the building
exterior, no quantitative assessment of human health impacts is necessary for workers,
site visitors or offsite residents during this stage of Alternative 2.

o For offsite transport, the packaged material is loaded into tarped dump trucks that would
prevent dust emissions during offsite transport and would provide containment of leaked
contents in the event of potential rupturing of a supersack(s).

e Human health impacts from inadvertent releases during transport to offsite licensed
disposal sites (for example, traffic accidents) are assessed as part of the Transportation
analyses.

3.3 Alternative 3 — Full Decommissioning and Disposal of the Existing Evaporation Pond
at Off-Site Licensed Waste Facilities via Highway/Rail Transport

Under Alternative 3, the evaporation pond would be fully decommissioned according to the
process described for Alternative 2. However, as described in greater detail in EA Section 2.3,
DOE-LM would transport waste to the offsite licensed disposal sites using a combination of haul
trucks and rail. Once sediment and liner removal activities are complete, clean backfill would be
brought to the site to backfill the excavation and would be graded to facilitate stormwater runoff,
and to match existing grades.

All information and assumptions presented for assessing potential human health impacts during
implementation of Alternative 2 apply to Alternative 3, except that the method of waste transport
to an offsite disposal facility under Alternative 3 involves the transloading of supersacks from
dump trucks into lined train gondolas, as described in Section 2.3. With this being the only
difference between Alternatives 2 and 3, subsequent evaluations in this HHRA common to both
alternatives hereafter will be referred to “Alternatives 2/3.” Potential releases during transloading
are assessed as part of the Transportation analyses.

3.4 Post-Remedy (Alternatives 2/3) — Full Decommissioning and Disposal of the Existing
Evaporation Pond at Off-Site Licensed Waste Facilities via Highway and/or Rail
Transport

Following completion of Alternatives 2/3 decommissioning, pond dust contaminants that
deposited onto offsite surface soil at locations A through F during decommissioning are assumed
to remain in the offsite environment indefinitely, while undergoing fate and transport processes.
The information and assumptions below are applied for assessing human health impacts to be
estimated from post-remedy concentrations remaining in offsite soil. The CEM for the post-
remedy exposures to an offsite resident farmer is presented in Figure D-3.

e Based on the CEM, a resident farmer could become exposed via the following pathways:
offsite soil ingestion, external radiation from offsite soil, inhalation of dusts from the pond
that are suspended in the air (prior to deposition), inhalation of resuspended dusts from
offsite soil, and the consumption of homegrown fruits and vegetables, meat and dairy
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impacted by deposition. Resident farmers at offsite locations A through F (see Figure D-5)
are evaluated for exposures via these pathways during Alternative 2 decommissioning.
Potential impacts to offsite groundwater at locations A through F during Alternative 2

decommissioning are likely to be insignificant but are being assessed in the HHRA.

o Offsite resident farmer exposures to maximum concentrations estimated to be in the surface
soil and other affected media are assessed 1,000 years into the future in accordance with
DOR Order 458.1, Radiation Protection of the Public and the Environment.

e Once estimated, the post-remedy health impacts will be summed with those estimated for
the 1-year period of decommissioning anticipated to occur under Alternatives 2/3 (see
Alternative 2 discussion).

3.5 Summary of Complete Pathways and Receptor Scenarios

Table D-1 presents a summary of all onsite and offsite pathway or receptor combinations
considered to be potentially complete under Alternatives 1 or Alternatives 2 and 3.

Table D-1. Summary of potentially complete pathway and receptor combinations

Exposure Media

Human
Exposure
Routes

Alternative 1

Alternatives 2/3

Onsite Worker

Onsite Trespasser
Pond Remediation
Worker

Offsite Resident
Farmer

Onsite Worker

Worker

Onsite Trespasser
Pond Remediation

Offsite Resident
Farmer?

Onsite Pathways/Exposure Media

Pond Sediment

Ingestion

x

X

Dust Inhalation

External
Radiation

Dermal Contact

X
X
X

%
x| X x>

Pond Surface Water

Ingestion

External
Radiation

X OIX|X| X | X

Dermal Contact

X

Offsite Pathways/Exposure Media

Soil (via Air
Deposition)

Ingestion

Dust Inhalation

External
Radiation

Dermal Contact

Groundwater (via
Air Deposition to
Soil then Infiltration)

Ingestion

XX X [X[|X

Inhalation
(showering &
bathing)

>

X | X|X| X | X]|X

External
Radiation

X

X
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Dermal Contact X X
Ingestion X

Groundwater (via Inhalation
Onsite Releases to (showering & X
Subsurface from bathing)
Leaking Liner, then External X
Migration to Offsite) Radiation

Dermal Contact X
Homegrown
Produce, Meat and
Dairy (vial Air Ingestion X X
Deposition to Soil &
Crops)
Homegrown
Produce, Meat and
Dairy (via Onsite
Releases to Ingestion X
Subsurface from
Leaking Liner, then
Migration to Offsite)

Key: X = Pathway/Receptor combination identified as bieng potentially complete

@ Includes continued impacts to offsite residents from soil deposition tht remains after decommissioning of the
evaporation pond has been completed. Offsite resident exposures to groundwater impacted by pond liner leakage is
considered incomplete under Alternatives 2/3 following source removal.

b Although pathways are potentially complete for an onsite worker, the pond remediation worker is being evaluated as
the more conservative scenario under Alternatives 2/3.

¢ Under Alternatives 2/3, the presence of additional fencing and security measures could make trespasser access to
the evaporation pond more difficult. Additionally, because sediment concentrations are likely to be less than
concentrations under Alternative 1, impacts to the trespasser are not quantitatively evaluated under Alternatives 2/3.

3.6 Environmental Fate and Transport Modeling

Based on the complete pathways and receptor scenarios identified in the CEM, environmental
fate and transport modeling is necessary to determine offsite soil, air and groundwater
concentrations to facilitate determination of offsite COPCs and calculations of impacts to the
offsite MEI, i.e., the resident farmer, as ELCRs for radionuclides and carcinogenic chemicals,
radiological doses, and HIs for noncarcinogenic chemicals. Under Alternative 1 and Alternatives
2/3, offsite soil and air are potentially impacted by dust emissions from the evaporation pond and
subsequent deposition. Deposition can not only occur onto soil but onto crops in agricultural
areas (fruits, vegetables and grains) consumed by humans and used as fodder for livestock.
Contaminants present in offsite soil from deposition could also migrate to the subsurface,
eventually infiltrating groundwater. For this HHRA, it is hypothetically assumed that offsite
groundwater is used for potable and beneficial purposes, including providing irrigation for crop
watering and water for livestock. In addition to atmospheric transport and deposition impacting
groundwater at downwind, offsite locations under the Alternatives 1 and 2/3 scenarios, allowing
the evaporation pond with deteriorating HDPE liner to remain in place under Alternative 1 could
result in impacts to groundwater directly beneath the pond. Contaminated groundwater from
beneath the pond would then migrate to offsite locations directly downgradient of the pond.

Detected contaminants in evaporation pond media include both radionuclides and chemicals.
From the detected contaminants, a reduced list of COPCs will be identified in Section 4.0 for
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onsite and offsite media that are to be later evaluated quantitatively for potential human health
impacts in Section 7.0. Therefore, the next step of the CEM is to conduct computer fate and
transport modeling analyses of the atmospheric transport pathways to determine offsite soil, air
and groundwater COPCs, as well as modeling analyses of the subsurface groundwater transport
pathways to determine offsite groundwater COPCs (directly downgradient of the pond). A
variety of models are available for environmental fate and transport analyses, some of which are
specific to radionuclides, while others are specific for chemicals. Because both radionuclides and
chemicals are being evaluated in this HHRA, the same model(s) should be utilized for the
evaluations of atmospheric transport of both radionuclides and chemicals, and the same model(s)
should be utilized for the evaluations of subsurface groundwater migration of radionuclides and
chemicals.

Therefore, to model atmospheric transport of contaminants from the onsite evaporation pond to
downwind, offsite resident farmer locations under Alternatives 1 and 2/3, the most recent version
of DOE’s RESRAD-OFFSITE (Version 4.0) computer code is used. RESRAD-OFFSITE is a
computer code developed to evaluate radionuclides and not chemicals. However, offsite air and
surface soil concentration plot data calculated for radionuclides at offsite locations resulting from
atmospheric transport can be used to determine the attenuation that occurs from dispersion and
deposition, which can then be applied to the calculations of concentrations of chemical
contaminants in offsite air and surface soil. In addition to RESRAD-OFFSITE, the latest version
of DOE’s RESRAD-ONSITE (Version 7.2) computer code is used to calculate onsite
radiological exposures at the evaporation pond under Alternatives 1 and 2/3, as well as
post-remedy (i.e., post-Alternatives 2/3) radiological exposures at the offsite locations long after
completion decommissioning. Both the RESRAD-OFFSITE (Version 4.0) and RESRAD-
ONSITE (Version 7.2) computer codes are discussed in Section 3.6.1.

For evaluation of contaminant migration in subsurface groundwater under Alternative 1, leachate
concentrations of sediment contaminants, predicted to occur beneath the pond from leaks liner
defects through the liner, were calculated using the U.S. Environmental Protection Agency’s
(EPA’s) SESOIL model (Seasonal Compartment Model for Long-term Pollutant Fate and
Transport in the Unsaturated Soil Zone). Leachate concentrations exceeding groundwater
health-based screening levels and EPA’s drinking water standards (i.e., maximum contaminant
limits) are then modeled to simulate three-dimensional fate and transport during horizontal
migration in groundwater to offsite locations. This modeling was performed using the AT123D
(Analytical Transient 1-, 2-, and 3-Dimensional) model. These models are discussed in Section
3.6.2 and Attachment D-5.

3.6.1 RESRAD Models

The RESRAD-OFFSITE (Version 4.0) and RESRAD-ONSITE (Version 7.2) computer codes
belong to a family of five RESRAD computer codes developed by DOE. The use of the
RESRAD family of codes for modeling risk and dose has become an acceptable industry practice
among prominent federal agencies.

Both the RESRAD-ONSITE and RESRAD-OFFSITE models can be used for evaluating impacts
to an individual located on a site, within the boundary of primary contamination. However, only
RESRAD-OFFSITE can be used to predict offsite media concentrations and impacts, located
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outside of the boundary of primary contamination. For atmospheric modeling away from the
primary contaminant source (i.e., the evaporation pond media under Alternatives 1 and 2/3),
RESRAD-OFFSITE applies a Gaussian plume model based on an area source release to
calculate air concentrations and soil deposition at an offsite location(s). For each of the six off-
site resident farmer locations (labeled A through F in Figure D-5), the RESRAD-OFFSITE
model performs these calculations relative to their positions in the plume as driven by location-
specific meteorological conditions. To facilitate analysis of air transport and environmental
migration of contaminants at a site based on local meteorological conditions, the RESRAD-
OFFSITE model allows for user selection of location-specific meteorological data (i.e., by city)
from a library built into the model, to approximate conditions at the site. For the Shiprock
disposal site, meteorological data available in the model library for Farmington, New Mexico
was selected. Compared to all cities available for selection in the model meteorological library,
Farmington is the closest in proximity to the Shiprock disposal site, being located approximately
25 miles (straight-line distance) to the east southeast of the site, along the San Juan River.

In the RESRAD-OFFSITE model, each of the six offsite resident farmer locations are assumed
to consist of a dwelling site, adjacent to which agricultural areas are assumed for growing fruits
and vegetables, grains for livestock feed, and a pasture/silage growing area. Additionally, a
drinking water well is located adjacent to the dwelling site. Generally, the calculations of cancer
risk and dose in both the RESRAD-OFFSITE and RESRAD-ONSITE models is performed by
activating any or all of nine exposure pathways and entering parameter input values
commensurate with the receptor scenario(s) being evaluated. For the analysis of offsite resident
farmer impacts from Alternatives 1 and 2/3, the following pathways are assessed: external
radiation, inhalation, soil ingestion and the ingestion of plants, meat, and milk. For the onsite
worker and pond remediation worker, the activated pathways used in the RESRAD-ONSITE
model include external radiation, inhalation, and soil (for pond sediment) ingestion. Impacts to
offsite surface water in the San Juan River due to atmospheric transport and deposition of
contaminated pond sediment dusts are not considered to be significant because of prevailing
wind directions away from the river and the distance of the river from evaporation pond.

Under Alternative 1, the RESRAD-OFFSITE computer code is used to model the accumulation
of radionuclides in offsite soil due to air deposition from onsite sediment dust emissions from the
evaporation pond, which is allowed to remain in place, over a 1000-year period of evaluation.
Under Alternatives 2/3, RESRAD-OFFSITE is used to model the accumulation of radionuclides
in offsite soil due to air deposition from onsite sediment dust emissions that occurs throughout
the anticipated duration of pond decommissioning (approximately one year), after which
deposition ceases. Under a post-remedy scenario, RESRAD-ONSITE is then used to model all
pathways associated with resident farmer exposures to contaminants that remain in the offsite
soil, over an evaluation period of 1,000 years, following the completion of decommissioning.

In addition to modeling the effects of contaminant concentration attenuations that occur during
environmental transport and migration processes, both models incorporate radiological decay of
parent isotopes and progeny ingrowth based on selection of the ICRP-107 radionuclide
transformation database, along with selection of the appropriate model library of cancer slope
factors (CSFs) and dose conversion factors (DCFs). The combination of CSFs and DCFs with
other model inputs (e.g., source media concentrations, contaminant source inputs, receptor
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location information, distances between source and receptor locations, environmental transport
factors, receptor exposure routes and assumptions, model output reporting times, etc.), result in
the calculations of receptor-specific ELCRs and doses, respectively. Depending on the cut-off
half-life specified, the code automatically assembles the branching and decay chains of the
initially present radionuclides in soil and calculates the effective DCFs for each principal nuclide
in the decay chains, assuming secular equilibrium for short-lived associated progenies.

Both the RESRAD-OFFSITE and RESRAD-ONSITE models also allow for user selection of
deterministic calculations and outputs versus probabilistic calculations and outputs. The former
produces a single set of discrete ELCR and dose results reported for each user-specified
timestep; whereas the latter produces statistical ranges of results at each timestep to address
variations and uncertainties that typically exist in model inputs. For this HHRA, the deterministic
analysis is performed for all runs using both models, because a probabilistic analysis requires a
more extensive input of site-specific data and statistical data distributions.

3.6.1.1 Use of RESRAD-OFFSITE Radiological Outputs to Estimate Offsite Chemical
Concentrations from Atmospheric Transport

As mentioned in Section 3.6, offsite air and surface soil concentration plot data calculated using
RESRAD-OFFSITE for radionuclides in onsite dust emissions that are transported by air to
offsite can be used to determine the attenuation that occurs from dispersion and deposition. The
resulting attenuation factors can then be applied to the calculations of chemical concentrations in
offsite air and surface soil that have also been transported, by air, from onsite dust emissions.
Generally, assuming minimal radiological attenuations in the calculations (i.e., by use of the
lowest attenuation factors) result in maximum offsite chemical concentrations, which
consequently results in maximum estimations of offsite ELCRs and HIs. Conversely, assuming
maximum radiological attenuations will minimize offsite chemical concentrations, ELCRs and
HIs. Therefore, in this HHRA, attenuations for each offsite location are minimized to produce
health-conservative estimates of maximized chemical concentrations, ELCRs and HIs for the
resident farmer scenario.

Attachments D-3 and D-4 present the calculations of radiological attenuation factors under
Alternatives 1 and 2/3, respectively, and their application in estimating chemical concentrations
in offsite soil and air. The following steps describe the process used for the calculations of
chemical concentrations in offsite soil.

Calculations of Chemical Concentrations in Offsite Soil
1. The attenuation factor between onsite pond concentrations of radionuclides and the

location-specific offsite soil concentrations of radionuclides from air transport (with
dispersion and deposition) are calculated by dividing the onsite pond sediment
concentrations (pCi/g) for uranium-234, uranium-235 and uranium-238 by the maximum
offsite soil concentrations (pCi/g) calculated for each offsite location. The maximum
offsite soil concentrations are obtained from RESRAD-OFFSITE output plot data for
each location. The pond sediment concentrations used to determine attenuation factors
are upper-bound exposure point concentrations (EPCs) originally calculated to determine
health impacts to onsite receptors. The EPC for each radionuclide represents the lesser of
the ninety-five percent upper confidence limit of the arithmetic mean concentration (i.e.,
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UCL-95) versus the corresponding maximum detected concentration, as discussed in
Section 5.2. When calculated, the attenuation factors for each isotope at the same location
are approximately the same value. If slightly different, then the minimum attenuation
factor is selected for each location from among the three isotopes. The calculations of
attenuation factors for air transport under Alternatives 1 and 2/3 are presented in
attachment Tables D-3-1 and D-4-1, respectively.

Once calculated, the minimum attenuation factors for each location/uranium isotope
scenario are compiled and used for calculating the predicted chemical concentration
(mg/kg) in soil at each offsite location. This is done by dividing the maximum detected
pond sediment concentration for each chemical by the attenuation factor corresponding to
the offsite location for which the offsite soil concentration (mg/kg) is being calculated.
This calculation, as well as the resulting location-specific chemical concentrations in
offsite soil, are presented for Alternatives 1 and 2/3 in attachment Tables D-3-2 and D-3-
4, respectively.

Calculations of Chemical Concentrations in Offsite Air

1.

The attenuation factor between air concentrations of radionuclides above the onsite pond
and the concentrations of radionuclides in the air above the offsite locations from air
transport (with dispersion and deposition) are calculated by dividing the maximum air
concentrations above the pond (pCi/m?) for uranium-234, uranium-235 and uranium-238
by the corresponding maximum air concentrations (pCi/m®) above the offsite locations.
Both the onsite and offsite maximum air concentrations used in the calculation are
obtained from RESRAD-OFFSITE output plot data. The minimum attenuation factor is
selected for each location from among the three isotopes. The calculations of attenuation
factors for air transport under Alternatives 1 and 2/3 are presented in attachment Tables
D-3-3 and D-4-3, respectively.

Next, the dust concentration in air above the pond (g/m?) is calculated by dividing the
modeled maximum air concentration of each radionuclide (pCi/m?) (i.e., as obtained from
the RESRAD-OFFSITE plot data) by the corresponding pond sediment EPCs (pCi/g).
These calculations are also presented for Alternatives 1 and 2/3 in attachment Tables D-
3-3 and D-4-3, respectively.

Finally, once calculated, the minimum attenuation factors for each location/uranium
isotope scenario are compiled and used for calculating the predicted chemical
concentration (mg/kg) in air above each offsite location. This is done by first calculating
the maximum air concentration above the pond (ug/m?) by dividing the maximum
detected pond sediment concentration for each chemical (mg/kg) by the dust
concentration in air above the pond (g/m?) (determined in Step 2) and applying the
appropriate unit conversions (i.e., /1 kg soil/1,000 g soil] x [1,000 ug chemical/l mg
chemical]). Once the maximum air concentration of each chemical above the pond is
calculated, it is divided by the attenuation factor corresponding to the offsite location for
which the offsite air concentration (mg/kg) is being calculated. These calculations, as
well as the resulting location-specific chemical concentrations in offsite air, are presented
for Alternatives 1 and 2/3 in attachment Tables D-3-4 and D-4-4, respectively.
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3.6.2 Groundwater Models

Discussions of the SESOIL and AT123D models used to determine groundwater migration
COPC:s for quantitative human health impacts evaluations, along with model inputs, outputs and
results, are presented in Attachment D-5.

4.0 Identification of Contaminants of Potential Concern

In this HHRA, medium-specific COPCs are identified in both onsite and offsite environmental
media that were described in the CEM. COPCs are radionuclides and/or chemicals detected in at
least one sample collected for an environmental medium, for which the maximum detected
concentration exceeds a generic or calculated screening level established for protection of a MEI
that could be potentially exposed to that medium. Detected radionuclides and chemicals selected
as COPCs are retained for quantitative analyses of health impacts (i.e., chemical and radiological
ELCRs, radiological dose and noncarcinogenic HIs). Those radionuclides and chemicals not
selected as COPCs for any media are eliminated from further analysis in the HHRA. Through
data comparisons with radionuclide- and chemical-specific screening levels, COPCs are selected
for both the onsite, primary source media in the pond, as well for secondary source media (i.e.,
onsite or offsite environmental media impacted by the primary source media via contaminant
release and transport mechanisms, to which MEIs could also be exposed). According to the
CEM, sediment and surface water are the primary source media for both onsite and offsite
exposure pathways and environmental transport/migration pathways.

Onsite media impacted by sediment surface water under Alternatives 1 and 2/3 include air above
the pond and groundwater directly beneath the pond. Once in the air and groundwater, these
media become transport media by which COPCs can migrate to offsite downwind and
downgradient locations, respectively. Pond sediment COPCs are released into the air via
windblown erosion under Alternative 1 and by mechanical disturbances during decommissioning
under Alternatives 2/3. Once in the air, transport to offsite locations, along with dispersion and
deposition, result in contaminant impacts to offsite soil, homegrown produce, beef and dairy.
Contaminant impacts to offsite groundwater via the air transport/deposition pathway could occur
but is likely to be insignificant, per the CEM. Impacts to offsite groundwater are more likely to
occur at locations directly downgradient of the evaporation pond via the subsurface migration of
COPCs that infiltrate the water table due to leaks in the deteriorating liner, assuming the pond is
allowed to remain in place under Alternative 1.

4.1 Screening Levels Used for Contaminant of Potential Concern (COPC) Selection

Based on the above information, screening levels have been both for the onsite and offsite
environmental media listed below to facilitate evaluations of the receptor scenarios identified in
the CEM.

Onsite Media Offsite Media

e pond sediment e soil at atmospheric receptor locations
e pond surface water  air at atmospheric receptor locations
e groundwater (beneath the pond) e groundwater at downgradient

groundwater receptor locations
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The screening levels utilized are a combination of generic screening levels and calculated
screening levels. Generic risk-based screening levels for radionuclides and chemicals are those
that are readily available in tables that can be accessed through EPA’s Regional Screening
Levels (RSL) website (EPA, 2023a) for chemicals and EPA’s Radiological Preliminary
Remediation Goals (PRG) website (EPA, 2022a). Because generic screening levels tables do not
include values for all media/receptor scenarios identified in the CEM, they are calculated online
using the Oak Ridge National Laboratory’s Risk Assessment Information System (RAIS)
website (ORNL, 2023) and EPA’s RSL website (EPA, 2023a).

All generic and calculated screening levels used to identify COPCs for media/receptor
combinations are “risk-based” in that derivation of those derived based on protection of MEIs
from carcinogenic and noncarcinogenic effects (also referred to as “cancer” and “noncancer”
effects, respectively). Screening levels for radionuclides and carcinogenic chemicals are derived
to be protective of potentially exposed MEIs from the morbidity effects of cancer (e.g.,
development of tumors), whereas screening levels for noncarcinogenic chemicals are derived to
be protective of potentially exposed MEIs from adverse systemic health effects that may target
specific organs or organ systems (e.g., cardiovascular toxicity from arsenic exposures, kidney
toxicity from elemental uranium exposures, hair loss from exposures to selenium, dermatitis
from exposures to arsenic or thallium, neurological toxicity from manganese exposures, etc.). If
exposure to a chemical can result in both carcinogenic and noncarcinogenic effects, then the
lower of the two values is selected as the screening level used for more health-conservative data
comparisons.

In this HHRA, carcinogenic risk-based screening levels are derived to target an ELCR of 1E-06
(i.e., representing the risk of occurrence of one additional incident of cancer in a lifetime over the
baseline incidents of cancer in a population of one million people). However, an ELCR is not to
be viewed as a predictor of whether cancer incidents will occur within an identified population of
exposed individuals. Rather, it is a probability that provides a means for establishing target limits
above which action is needed. The target ELCR for carcinogenic screening levels represents the
lower, more health conservative end of EPA’s target ELCR range of 1E-06 (i.e., a one in one
million probability) to 1E-04 (i.e., a one in ten thousand probability). The noncarcinogenic
screening levels used in this HHRA are protective of non-cancer effects to a MEI based on a
target hazard quotient (HQ) of 0.1. Generally, an HQ is the ratio of a chemical intake level to an
allowable intake limit (i.e., reference dose). Although an HQ of 1.0 is considered protective from
adverse effects to a single chemical, a target HQ of 0.1 is a more protective level in that
protection is provided from exposures to multiple chemicals that could impact similar target
organs. Therefore, for this analysis, non-cancer screening levels targeting the HQ of 0.1 are
applied for additional health conservatism.

In addition to risk-based screening levels, radiological dose-based screening levels can also be
calculated through EPA’s online Dose Compliance Concentration calculator. However, because
risk-based screening levels are typically exceeded before the corresponding dose-based screening
levels, radiological COPC selection is usually driven primarily by data comparisons with the
risk-based screening levels. Therefore, although radiological doses are calculated and presented
during Impacts Characterization (Section 7.0) of this HHRA, data comparisons with dose-based
screening levels to select radiological COPCs is not performed.
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Based on the above screening level information, as well as on the CEM described in Section 3.0,
the types of screening levels described in the bullets below are applied to determine onsite and
offsite medium-/receptor-specific COPCs relative to evaluations of remedial Alternatives 1 and
2/3. Included in the bullets below are a brief description of receptor and exposure medium with
the remedial alternative evaluation to which it applies (in parentheses), sources of the
radiological and chemical screening levels (i.e., generic or calculated), reference citations for the
generic values, reference citations for online calculators used, and the Appendix D attachment
showing online calculator outputs for the calculated values.

Onsite Worker Exposures to Pond Sediment (Alternative 1)

o  Radiological screening levels are EPA’s generic PRGs for industrial soil (EPA,
2022a).

o  Chemical screening levels are EPA’s generic RSLs for industrial soil (EPA, 2023a).

Onsite Trespasser Exposures to Pond Sediment (Alternative 1)

o  Radiological screening levels are calculated using ORNL’s online RAIS calculator
for recreator soil exposures (ORNL, 2023); Output presented in Attachment D-2-1.

o  Chemical screening levels are calculated using ORNL’s online RAIS calculator for
recreator soil exposures (ORNL, 2023); Output presented in Attachment D-2-2.

Pond Remediation Worker Exposures to Pond Sediment (Alternatives 2/3)

o  Radiological screening levels are calculated using ORNL’s online RAIS calculator
for construction worker soil exposures (ORNL, 2023); Output presented in
Attachment D-2-3.

o  Chemical screening levels are calculated using ORNL’s online RAIS calculator for
construction worker soil exposures (ORNL 2023); Output presented in Attachment
D-2-4.

Onsite Trespasser Exposures to Pond Surface Water (Alternative 1)

o  Radiological screening levels are calculated using ORNL’s online RAIS calculator
for recreator surface water exposures (ORNL, 2023); Output presented in
Attachment D-2-5.

o Chemical screening levels are calculated using ORNL’s online RAIS calculator for
recreator surface water exposures (ORNL, 2023); Output presented in Attachment
D-2-6.

Offsite Resident Farmer Exposures to Offsite Soil from Deposition (Alternatives 1 and

2/3)

o  Radiological screening levels are not necessary because air transport of detected
isotopes in pond sediment dust emissions are modeled to offsite locations (i.e.,
using RESRAD-OFFSITE Version 4.0, as discussed later) with the ELCRs from air
deposition to offsite soil being calculated by RESRAD-OFFSITE.

o  Chemical screening levels are first calculated individually for the homegrown
produce, beef and dairy pathways for resident farmer exposures using ORNL’s
online RAIS calculator (ORNL, 2023), with the output shown in Attachment D-2-7.
The screening levels for these pathways are then combined with EPA’s generic
residential soil RSLs (EPA, 2023a) to calculate a total screening level for the offsite
resident farmer that reflects all pathways contributions (see Attachment D-2-8).
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o Offsite Resident Farmer Exposures to Offsite Air During Decommissioning, Prior to

Deposition (Alternatives 2/3)

o  Radiological screening levels are not necessary because air transport of detected
isotopes in pond sediment dust emissions during decommissioning are modeled to
offsite locations (i.e., using RESRAD-OFFSITE Version 4.0, as discussed later)
with the ELCRs associated with inhalation exposures to the offsite air
concentrations being calculated by RESRAD-OFFSITE.

o  Chemical screening levels are EPA’s generic RSLs for resident air (EPA, 2023a).

o Residential Exposures to Onsite and Offsite Groundwater (Alternative 1 — to Guide

Groundwater Modeling Efforts)

o  Radiological screening levels are EPA’s generic residential tap water PRGs (EPA,
2020; EPA, 2022a).

o  Chemical screening levels are EPA’s generic tap water RSLs (EPA, 2023a) and
MCLs (EPA, 2020; EPA, 2023a).

e Soil to Groundwater Migration Applied to Onsite and Offsite Sediment and Soil,

respectively (Alternatives 1 and 2/3)

o  Radiological screening levels are EPA’s generic risk-based and MCL-based
screening levels (EPA, 2022a).

o  Chemical screening levels are EPA’s generic risk-based and MCL-based SSLs from
EPA’s RSL tables (EPA, 2023a).

4.2 Results of COPC Selection

Utilizing the applicable risk-based screening levels described above, in conjunction with the
information and assumptions described in the CEM, chemical and radiological COPCs for
receptor scenarios associated with pond decommissioning Alternatives 1 and 2/3, the screening
level comparisons have been conducted and are presented in the Appendix D attachment tables
listed below.

e Attachment D-6 — Screening Level Comparisons for Onsite Sediment and Surface Water
o Table D-6-1 — Onsite sediment screening for all receptor scenarios under
Alternatives 1 and 2/3
o Table D-6-2 — Onsite surface water screening for the onsite trespasser scenario
(i.e., the only onsite receptor assumed to be exposed to surface water)
e Attachment D-7 — Screening [evel Comparisons for Offsite Soil and Air for the Resident
Farmer Scenario from Atmospheric Transport and Deposition under Alternative 1
o Table D-7-1 — Screening of calculated offsite air chemical concentrations
o Table D-7-2 — Screening of calculated offsite surface soil chemical concentrations
o Table D-7-3 — Screening of offsite surface soil radiological concentrations and
calculated offsite surface soil chemical concentrations for groundwater protection
o Attachment D-8 — Screening Level Comparisons for Offsite Soil and Air for the Resident
Farmer Scenario from Atmospheric Transport and Deposition under Alternatives 2/3
o Table D-8-1 — Screening of calculated offsite air chemical concentrations during

decommissioning
o Table D-8-2 — Screening of calculated post-remedy offsite surface soil chemical
concentrations
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o Table D-8-3 — Screening of post-remedy offsite surface soil radiological
concentrations and offsite calculated surface soil chemical concentrations for
groundwater protection

e Attachment D-9 — Screening Level Comparisons for Onsite and Offsite Groundwater
Concentrations from Subsurface Migration of Contaminants under Alternative 1

o Table D-9-1 — Screening of modeled groundwater concentrations directly beneath
the evaporation pond and screening of modeled groundwater concentrations at
three downgradient receptor locations

4.3 Summary of COPCs

The results of the COPC selections for quantitative impacts analyses of onsite media are
presented in Table D-2. Based on the results of screening level comparisons with calculated
offsite surface soil and air concentrations of chemicals, there are no chemical COPCs identified
in offsite surface soil or air at any of the six resident farmer locations. Additionally, the offsite
screening of radionuclides and chemicals in surface soil for groundwater protection yielded no
soil-to-groundwater COPCs at any of the six locations.

For offsite analysis, the uranium isotopes are retained for analysis of air transport from pond
sediment dust emissions to the six offsite receptor locations during Alternatives 1 and 2/3 using
the RESRAD-OFFSITE model. Post-remedy offsite concentrations of the uranium isotopes are
then evaluated at the six offsite resident farmer locations using the RESRAD-ONSITE model for
a period of 1,000 years after the evaporation pond has been removed.
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Table D-2. Contaminants of potential concern (COPCs) selected for quantitative impacts analysis of onsite evaporation pond media and receptor

scenarios
Alternative: Alternative 1 Alternatives 2/3
Onsite Exposure Pond
Medium - Pond Sediment Surface Pond Sediment
Primary Source: Water
Offsite Exposure Alr, Soil, Groundwater, . .
- Homegrown Air, Soil, Homegrown
Medium - NA Homegrown NA NA .
. Produce/Meat/ . Produce/Meat/ Dairy
Secondary Source: Dairy Produce/Meat/ Dairy
Downgradient
. . Downwind Offsite | Offsite Resident Downwind Offsite
Receptor Onsite Onsite Onslts Sediment Resident Farmer Farmer at Three Onsite Por?d . Resident Farmer
. to Groundwater . . i Remediation .
Scenario: Worker | Trepasser at Six LocationsP Locations¢ Trepasser at 6 LocationsP
Transport? I . Worker o
(via air transport) (via groundwater (via air transport)
transport)
COPCs
Uranium-2344 X X X X X X
Uranium-235¢ X X X X X X
Uranium-238 X X X X X X
Arsenic X X X X
Barium X
Cadmium X X X
Manganese X X X X X
Nitrate as Nitrogenf X X
Selenium X X X X
Strontium X X X
Thallium X
Uranium X X X X X X X
Fluoride X

Key: COPCs = contaminants of potential concern; NA = not applicable

a Although according to the CEM, a resident farmer is not being evaluated onsite under an assumed future land redevelopment scenario, pond sediment concentrations were screened using EPA's
soil to groundwater PRGs (risk-based and MCL-based) for radionuclides (EPA, 2022a) and EPA's risk-based SSLs for chemicals (risk-based and MCL-based) (EPA, 2023a) to determine if
detected radionuclides and chemicals are to be evaluated as COPCs for analysis of subsurface groundwater transport to offsite locations under Alternative 1.

b Although according to the CEM, a resident farmer is not being evaluated onsite under an assumed future land redevelopment scenario, pond sediment radionuclide and chemical concentrations
were screened to determine if detected radionuclides and chemicals are to be evaluated as COPCs for analysis of air transport to offsite locations under Alternatives 1 and 2/3. Radionuclide
concentrations were screened using EPA's generic radiological PRGs for the resident farmer scenario (EPA, 2022a). Chemical sediment concentrations were compared to screening levels for the
resident farmer that were calculated in Tables D-2-7 and D-2-8 using the online calculator on ORNL's RAIS website (ORNL, 2023).

¢ See Attachment D-5 for discussion and results of SESOIL and AT123D groundwater modeling from evaporation pond sediment to three resident farmer receptor locations.

d Laboratory analysis was for uranium-233/-234. However, since uranium-234 screening values are applied, the COPC identified for this parameter is uranium-234.
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e Laboratory analysis was for uranium-235/-236. However, since uranium-235 screening values are applied, the COPC identified for this parameter is uranium-235.
fLaboratory results showed detections of chloride, nitrate as nitrogen and sulfate in pond sediment. EPA generic soil to groundwater screening levels (EPA, 2023a) are not available for any of
these parameters for screening sediment concentrations for groundwater protection (and migration to offsite resident farmer locations). However, of these three parameters, only nitrate as
nitrogen has a toxicity criterion (specifically, an oral reference dose) with which a risk-based tap water screening level has been calculated for possible further quantitative analysis in this HHRA.
Additionally, an EPA MCL (10 mg/L) is also available for nitrate as nitrogen. A secondary MCL (250 mg/L) is available for chloride. Therefore, even though no EPA soil to groundwater screening
levels are available for nitrate as nitrogen, and based on the groundwater modeling evaluation in Attachment D-5, only nitrate as nitrogen is identified as a groundwater protection COPC, under
Alternative 1, for groundwater fate and transport modeling.
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5.0 Exposure Assessment

An exposure assessment is used to evaluate potential exposures to site media by the human
receptors identified for current and anticipated future land uses at the IAAAP sites.
Receptor/exposure pathway scenarios are refined based on the results of COPC identifications in
Section 4.2, with those still being considered potentially complete being carried forward to
quantitative risk analyses. For these receptor/pathway scenarios, EPCs are calculated and upper-
bound numerical input values for exposure factors are identified for use in ELCR, HI and dose
calculations that represent assumptions about receptor exposures.

5.1 Exposure Pathways Quantified in the Human Health Risk Assessment (HHRA)

During the CEM (Section 3.0), potential human receptors (MEIs) and exposure pathways were
identified for further evaluation in the HHRA as presented in Figures D-1, D-2 and D-3, and
summarized in Table D-1. An exposure pathway can be described as the physical course that a
chemical or radionuclide takes from the point of release (or source) to a receptor. As
demonstrated in the CEMs for the remedial alternatives being evaluated for the groundwater
evaporation pond, a complete exposure pathway must have all the following components:

e A source (such as chemical residues in an environmental medium)

e A mechanism for chemical release and migration (such as groundwater infiltration)

e An environmental transport medium (such as groundwater)

e A point of potential human contact (exposure point, such as tap water)

e A route of human exposure, depending on chemical type (i.e., chemical versus
radiological):

o  For chemicals, a route(s) of exposure resulting in internal intake/absorption (such as
ingestion, dermal contact, or inhalation)

o  For radionuclides, an internal route resulting in exposure to ionizing radiation (such
as ingestion or inhalation) and an external route resulting in exposure to ionizing
radiation (such as external radiation from the ground or other surfaces, air
submersion, or water immersion).

In the absence of any one of these components, an exposure pathway is considered incomplete,
and, by definition, there is no risk or hazard. In Section 4.2, radiological and chemical COPCs
were identified for combinations of exposure pathways, exposure media and receptors for
quantitative risk analysis. Based on the combined results of the CEM evaluations that included
land use considerations and identification of MEIs in Section 3.0, and the selection of COPCs in
Section 4.0, the exposure pathways have been refined, as shown below by remedial alternative
and receptor, and are further quantitatively evaluated in the HHRA.

Alternative 1

e Onsite Worker Exposures to Pond Sediment:
o Ingestion of uranium isotopes and uranium
o External radiation exposures to uranium isotopes
o Dust inhalation exposures to uranium isotopes and uranium
o Dermal contact with uranium

e Onsite Worker Exposures to Pond Surface Water:
o Not evaluated due to health and safety BMPs and use of PPE

U.S. Department of Energy Environmental Assessment for the Evaporation Pond at the Shiprock, New Mexico, Disposal Site
July 2023 DOE/EA-2195
Page D-31



DRAFT

Onsite Trespasser Exposures to Pond Sediment (Uranium Isotopes Eliminated as COPCs):

o Ingestion of uranium

o Dust inhalation exposures to uranium

o Dermal contact with uranium

Onsite Trespasser Exposures to Pond Surface Water:

o Ingestion of uranium isotopes, arsenic, manganese, selenium, thallium, uranium, and
fluoride

o External radiation exposures to uranium isotopes

o Dermal contact with arsenic, manganese, selenium, thallium, uranium, and fluoride

Offsite Resident Farmer Exposures to Groundwater from Pond Sediment Contaminant

Releases through Deteriorating HDPE Liner:

o Ingestion of nitrate (as nitrogen) in drinking water

o Dermal contact with nitrate (as nitrogen) while showering/bathing

o Ingestion of nitrate (as nitrogen) in homegrown produce (i.e., fruits, vegetables, grains)
from irrigation

o Ingestion of nitrate (as nitrogen) in beef from watered livestock and irrigated silage

o Ingestion of nitrate (as nitrogen) in dairy from watered livestock and irrigated silage

Offsite Resident Farmer Exposures to Pond Sediment Dust Emissions from Wind Erosion

and Air Transport, Dispersion and Deposition:

Soil ingestion exposures to uranium isotopes

External radiation exposures to uranium isotopes

Dust inhalation exposures to uranium isotopes

Ingestion of uranium isotopes in homegrown produce (i.e., fruits, vegetables, grains)

Ingestion of uranium isotopes in beef

Ingestion of uranium isotopes in dairy

Offsite Resident Farmer Exposures to Groundwater Impacted by Soil-to-Groundwater

Migration Following Pond Sediment Dust Emissions from Wind Erosion and Air

Transport, Dispersion and Deposition:

o Not evaluated due to no offsite soil-to-groundwater COPCs

O O O O O O

Alternatives 2/3

Pond Remediation Worker Exposures to Sediment During Decommissioning:

o Ingestion of uranium isotopes, uranium and manganese

o External radiation exposures to uranium isotopes

o Dust inhalation exposures to uranium isotopes, uranium and manganese

o Dermal contact with uranium and manganese

Pond Remediation Worker Exposures to Pond Surface Water During Decommissioning:

o Not evaluated due to health and safety BMPs, use of PPE and pond dewatering

Onsite Worker Exposures to Pond Sediment During Decommissioning:

o Not evaluated due to pond remediation worker being the more exposure-intensive
scenario

Onsite Worker Exposures to Pond Surface Water During Decommissioning:

o Not evaluated due to health and safety BMPs, use of PPE and pond dewatering
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e Onsite Trespasser Exposures to Pond Sediment During Decommissioning:
o Not evaluated due to access restrictions implemented during decommissioning
e Onsite Trespasser Exposures to Pond Surface Water During Decommissioning:
o Not evaluated due to access restrictions implemented during decommissioning and
pond dewatering
o Offsite Resident Farmer Exposures to Pond Sediment Dust Emissions Generated During
Decommissioning, Followed by Air Transport, Dispersion and Deposition:
Soil ingestion exposures to uranium isotopes
External radiation exposures to uranium isotopes
Dust inhalation exposures to uranium isotopes
Ingestion of uranium isotopes in homegrown produce (i.e., fruits, vegetables, grains)
Ingestion of uranium isotopes in beef
o Ingestion of uranium isotopes in dairy
o Offsite Resident Farmer Post-Remedy Exposures (i.e., After Pond Sediment Dust
Emissions Have Ceased):
Soil ingestion exposures to uranium isotopes
External radiation exposures to uranium isotopes
Dust inhalation exposures to uranium isotopes
Ingestion of uranium isotopes in homegrown produce (i.e., fruits, vegetables, grains)
Ingestion of uranium isotopes in beef
o Ingestion of uranium isotopes in dairy
o Offsite Resident Farmer Post-Remedy Exposures to Groundwater Impacted by Soil to
Groundwater Migration (i.e., After Pond Sediment Dust Emissions Have Ceased):
o Not evaluated due to no soil-to-groundwater COPCs

o O O O O

o O O O O

5.2 Quantification of Exposure Point Concentrations

EPCs are calculated using methods consistent with the Risk Assessment Guidance for Superfund,
Volume I, Human Health Evaluation Manual (Part A) (RAGS Part A) (EPA, 1989). An EPC is
calculated for each COPC to provide an upper bound estimate of concentrations across media of
interest in the ROI that are representative of potential receptor exposures. For onsite exposures
under Alternative 1, EPCs are calculated for pond sediment and surface water separately using
the data sets discussed previously in Section 2.0. The methods applied to calculating EPCs are
also consistent with EPA approximation of the reasonably maximally exposed (RME) receptor
scenario as established in EPA guidance documents Supplemental Guidance to RAGS:
Calculating the Concentration Term (EPA, 1992) and Calculating Upper Confidence Limits for
Exposure Point Concentrations at Hazardous Waste Sites (EPA, 2002).

As part of the RME scenario, a medium-specific EPC for a COPC is calculated to be the lesser of
the 95 percent upper confidence limit of the arithmetic mean concentration (UCL-95) or the
maximum reported concentration. In this HHRA, the UCL-95 was calculated using the most
recent version of EPA’s ProUCL (Version 5.1.002), in accordance with EPA ProUCL Version
5.1.002 User Guide, Statistical Software for Environmental Applications for Data Sets with and
without Nondetect Observations (i.e., “ProUCL User Guide”) (EPA, 2015). The calculation of a
UCL-95 for a COPC involves the entering of all detected and non-detect results into ProUCL as
censored data by flagging each detected result with a “1”” and each non-detect result with a “0,”as
described in the ProUCL User Guide. For statistical reliability, EPA recommends a dataset with
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a minimum of § to 10 samples to compute UCL-95 values. This is because a UCL-95 for a small
dataset is mainly driven by the critical value, which becomes large and unstable when the dataset
is comprised of fewer than 8 to 10 samples. Therefore, in this HHRA, the maximum
concentration is selected by default as the EPC for a dataset with less than 8 to 10 samples. For
duplicate sediment sample pairs (i.e., samples with field duplicates collected for the purposes of
quality control) the results are reduced to a single set of results as follows:

e When both the parent and duplicate are detections, the higher result is used.

e When one result is reported to be a detection and the other result is a nondetect, the detected
result is used.

e  When both the parent and duplicate are nondetects, the result with the lower detection limit
is used.

For duplicate surface water sample pairs, both the parent sample and duplicate sample results
were incorporated into the calculations of UCL-95 values because of the non-static nature of
surface water in the pond.

Table D-3 presents the selection process of sediment EPCs, along with the statistical distribution
basis for each UCL-95, as well as the basis for each selected EPC value presented. ProUCL
calculations to determine sediment UCL-95 values that are the basis for EPC determinations are
presented in Attachment D-10, Tables D-10-1 through D-10-6.

Table D-3. Evaporation pond sediment exposure point concentrations (EPCs) summary

Selection of EPCs for HHRA

copc Units | o ed | UCLO5® | UCL Statistical Basis | EPC® BEP.C,,
Conc. asls

Uranium-234 pCi/g 19.2 14.85 95% Student's-t UCL 14.85 UCL95
Uranium-235 pCi/g 1.12 0.955 95% KM (t) UCL 0.955 UCL95
Uranium-238 pCi/g 171 13.08 95% Student's-t UCL 13.08 UCL95
Arsenic mg/kg 0.688 - 0.688 | Maximum
Barium mgkg | 197 | 9145 | 9% Adjusted Gamma | g 145 | uCL95
Cadmium mg/kg 0.0633 - 0.0633 | Maximum
Lead mg/kg 1.03 0.63 95% KM Chebyshev UCL | 0.63 UCL95
Magnesium mg/kg 53,400 42,629 95% Student's-t UCL 42,629 UCL95
Manganese mg/kg 288 162.6 95% Student's-t UCL 162.6 UCL95
Nitrate as Nitrogen | mg/kg 26,400 18,553 95% Student's-t UCL 18,553 UCL95
Selenium mg/kg 34.7 29.19 95% Student's-t UCL 29.19 UCL95
Strontium mg/kg 1,280 736.9 95% Student's-t UCL 736.9 UCL95
Uranium mg/kg 50.6 38.96 95% Student's-t UCL 38.96 UCL95

Key: % = percent; COPC = contaminant of potential concern; EPC = exposure point concentration; mg/kg =
milligrams to kilograms; pCi/g = picocuries per gram; UCL95 = 95 percent upper confidence limit of the arithmetic
mean concentration

@ The EPC is calculated as the lesser of the UCL95 and the maximum detected result for data sets with a minimum of
eight samples and at least four detections. Otherwise, the maximum is selected as the EPC.
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b When the EPC basis is indicated as "Maximum" (i.e., for arsenic and cadmium), the maximum detected
concentration was selected as the EPC because each dataset had only one detection out of twelve samples
collected.

Note: "---" Indicates that the statistic is not calculated because dataset did not meet minimum detection requirements.

Similarly, Table D-4 presents the selection process of surface water EPCs, along with the
statistical distribution basis for each UCL-95, as well as the basis for each selected EPC value
presented. ProUCL calculations to determine sediment UCL-95 values that are the basis for EPC
determinations are presented in Attachment D-10, Tables D-10-7 through D-10-12.

Table D-4. Evaporation pond surface water exposure point concentrations (EPCs) Summary

Selection of EPCs for HHRA

\ Maximum . ..
COPC Units Detected | UCL95 UcCL Stat_lstlcal EPC? EP_Cb
Conc. Basis Basis

Uranium-234 | pCilL | 2,460 Not caleulated due |, 450 | \ayimum
to only 2 samples

Uranium-235 | pCilL | 163 Not caleulated due | 4q5 | p1ayimum
to only 2 samples

Not calculated due

Uranium-238 | pCi/L 2,200 - 2,200 | Maximum
to only 2 samples
Arsenic mg/L 0.25 0.191 95% KM (t) UCL 0.25 Maximum
o
Manganese | mglL | 8.5 3418 | D% KMU%"LebyShe" 3418 | UCL95
. 95% Adjusted
Selenium mg/L 22 12.2 Gamma UCL 12.2 UCL95
Strontium mg/L 20.2 16.92 | 95% Student's-t UCL | 16.92 UCL95
Thallium mg/L 0.0382 0.0398 | 95% Student's-t UCL | 0.0382 | Maximum
Uranium mg/L 31 15.88 | 95% Student's-t UCL | 15.88 UCL95
Fluoride mg/L 24.2 19.01 95% Student's-t UCL | 24.2 Maximum

Key: % = percent; mg/L = milligrams per liter; pCi/g = picocuries per gram; UCL95 = 95 percent upper confidence
limit of the arithmetic mean concentration

a2 The EPC is calculated as the lesser of the UCL95 and the maximum detected result for data sets with a minimum
of eight samples and at least four detections. Otherwise, the maximum is selected as the EPC.

b When the EPC basis is indicated as "Maximum", the maximum detected concentration was selected as the EPC
due to less than 8 samples in the COPC datasets.

Note: "---" Indicates that the statistic is not calculated because dataset did not meet minimum detection
requirements.

The EPCs determined for pond sediment and surface water are applied to risk evaluations of
onsite receptors under Alternative 1. Additionally, the pond sediment EPCs presented in Table
D-3 for uranium isotopes are the source concentrations entered into the RESRAD-OFFSITE
model to predict offsite air and soil concentrations resulting from atmospheric transport and
deposition of sediment dust emissions due to wind erosion under Alternative 1 and mechanical
disturbances during decommissioning activities under Alternatives 2/3 (see Attachments D-3 and
D-4, respectively). The same pond sediment EPCs are also used as the source term in vertical
sediment to groundwater migration modeling to determine leachate concentrations beneath the
pond under Alternative 1 using the SESOIL model. The AT123D model is then used to simulate
infiltration of the leachate into the groundwater beneath the pond, followed by horizontal
groundwater migration to the offsite receptor locations where EPCs are predicted for resident
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farmer exposures. The groundwater modeling and resulting concentrations at the offsite receptor
locations are presented in Attachment D-5.

5.3 Radiological Exposure and Chemical Intake Calculations

In addition to calculating EPCs, input values for chemical intake and radiological exposure
models were selected from current guidance. The equation input values represent assumptions
about exposures to COPCs in environmental media via the applicable exposure pathways. These
values are entered into equations and used to quantify exposure to contaminated media as
chemical intakes or radiological exposures. Calculation of an intake or exposure is the
intermediate step necessary to assess the magnitude of health impacts that could occur from
assumed repeated exposures to concentrations (EPCs) of COPCs present in an environmental
medium and the ELCRs, HIs or dose associated with those exposures. Simply stated, chemical
intakes and radiological exposures provide a means to convert contaminant mass and activity
concentrations, respectively, to health risks.

5.3.1 Radiological Exposures

Radiological exposures occur as the result of ionizing radiation penetrating and impacting tissues
and organs on a cellular level. The quantification of internal and external radiological exposures
to a radiological COPC is performed based on similar information regarding exposure setting
and assumptions (i.e., equation input factors) that describe chemical exposures. However,
calculations of radiological exposures must also incorporate the radioactive of decay chain of
parent COPCs and the ingrowth of daughter isotopes.

The units used to express radiological exposures differ when an ECLR is being calculated versus
those used to express a dose, as presented below.

e CDIs for ELCR Calculations:

o Ingestion or inhalation CDI — picocuries (pCi)

o External radiation exposures to soil/sediment as a volume source — pCi-year per
gram (pCi-year/g)

o External radiation exposures soil/sediment as an area source — pCi-yr per square
centimeter (pCi-yr/cm?)

o External radiation exposures to water are expressed as pCi-yr per liter of water
(pCi-year/L)

o External exposures to air (i.e., submersion), the units become pCi per cubic
centimeter (pCi/cm?)

e CDIs for Dose (mrem/yr) Calculations:

Ingestion or inhalation internal CDI — pCi/yr

External radiation exposures to soil/sediment as a volume source — pCi/g
External exposures to soil/sediment as an area source — pCi/cm?
External radiation exposures to water — pCi/L

External exposures to air (i.e., submersion) — pCi/cm?

5.3.2 Chemical Intakes

o O O O

A chemical intake occurs when a chemical is taken into the body via a route of exposure (i.e.,
ingestion, dermal absorption, or inhalation), then is subsequently absorbed into the bloodstream.
Depending on the exposure route, chemical intakes are calculated as chronic daily intakes
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(CDls), dermally absorbed doses (DADs) and inhalation exposure concentrations (ECs), based
on the appropriate guidelines. A CDI and DAD are determined as the mass of chemical absorbed
into the bloodstream (in milligrams) per mass of body weight (in kilograms) per day (i.e.,
mg/kg/day). An inhalation EC is calculated in units of micrograms per cubic meter (ng/m?).
Chemical intakes via all routes in this HHRA are calculated using the algorithms in the RAIS
online calculators (ORNL 2023) and EPA’s online RSL calculator (EPA 2023a), in accordance
with EPA’s Risk Assessment Guidance for Superfund (RAGS), Volume I: Human Health
Evaluation Manual (Part A) (EPA, 1989). Additionally, DADs are calculated for dermal
chemical exposures in accordance with EPA’s Risk Assessment Guidance for Superfund, Volume
I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk
Assessment) (EPA 2004), and air exposure concentrations (ECs) to chemicals are calculated for
inhalation exposures in accordance with EPA’s Risk Assessment Guidance for Superfund,
Volume I: Human Health Evaluation Manual (Part F, Supplemental Guidance for Inhalation
Risk Assessment) (EPA 2009). Both the RAIS and RSL calculators can determine intakes of
chemicals in a variety of source media; therefore, these calculators are used in the calculations of
all media/receptor scenario intakes in this HHRA.

5.3.3 Modeling to Determine Onsite and Offsite Radiological Exposures and Chemical
Intakes

The primary source term in the RESRAD-OFFSITE and RESRAD-ONSITE models is an area
source in which the source environmental medium is typically soil. However, for a source such
as the evaporation pond, the pond sediment can be evaluated as the primary source medium in
RESRAD. The RESRAD models can produce outputs for both radiological ELCR and dose for
the area source. However, to evaluate scenarios in which a primary source medium is surface
water or groundwater, another model or calculator must be used. Therefore, ORNL’s online
radiological RAIS calculators (ORNL, 2023) or EPA’s online radiological peak PRG calculator
(EPA, 2023b) can be used. These calculators generate outputs for cancer risks or PRGs, but do
not generate radiological dose outputs. Therefore, to calculate dose (i.e., in mrem/yr) for sources
other than area sources consisting of soil or sediment, EPA’s online dose compliance
concentration (DCC) calculator (EPA 2023c) is used. For this HHRA, all chemical calculations
are performed using either ORNL’s online RAIS calculators (ORNL, 2023) or EPA’s online
RSL calculator (EPA, 2023).

Model default and site-specific input values entered into the above-described calculators in
combination with the medium-specific EPCs to estimate chemical intake and radionuclide
exposure via each exposure pathway, for each receptor. Select non-default input values entered
into the RESRAD model parameters are presented in Attachment D-11. RESRAD input values
describing radiological exposures, as well as radiological decay and environmental transport are
also provided in the model outputs presented in the Attachments D-14 and D-15 for Alternatives
1 and 2/3, respectively. The outputs from ORNL’s online RAIS calculators for radiological
exposures and chemical intakes, EPA’s online radiological DCC calculator for radiological dose,
and EPA’s RSL calculator for determining chemical intakes also provide the respective
calculator input values, which are presented in Attachments D-14 and D-15.

In addition to input values, the user guides included on the websites for each of the associated
online calculators present the equations that are used in the calculations of radiological exposures
and chemical intakes for the applicable receptor/pathway scenarios. Rather than present the
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numerous exposure and intake equations, as well as supporting equations, that are available on
the online guides, the links to the online calculator websites are provided:

e ORNL online RAIS calculators for radionuclides and chemicals (ORNL 2023):
https://rais.ornl.gov/

e EPA online RSL calculator for chemicals (EPA 2023a):
https://www.epa.gov/risk/regional-screening-levels-rsls

e EPA online radiological PRG (and risk) calculator (EPA 2023b): https://epa-
prgs.ornl.gov/cgi-bin/radionuclides/rprg_search

o EPA online radiological DCC (dose) calculator (EPA 2023c): https://epa-dccs.ornl.gov/

6.0 Toxicity Assessment

The toxicity assessment describes the relationship between the magnitude of exposure to a
constituent and the probability and magnitude of potential adverse effects. The toxicity
assessment also presents levels of confidence in the quality of available toxicological data used
for medium-specific COPCs identified in this HHRA. Toxicity assessment approaches for both
radiological and chemical COPCs in Sections 6.1 and 6.2, respectively. Current toxicity values
established for radiological COPCs are presented that are based on radiological cancer effects
(i.e., CSFs) and dose (i.e., dose conversion factors [DCFs]). Current toxicity values established
for chemical COPCs based on cancer effects (i.e., cancer slope factors [CSFs] and inhalation unit
risks [IURs]) and noncancer effects (i.e., reference doses [RfDs] and inhalation reference
concentrations [RfCs]) are also presented.

6.1 Radiological Toxicity Assessment

Health impacts from exposure to radiation and radionuclides are expressed as the risk of
developing cancer. Radiological cancer risks and doses resulting from ingestion, inhalation, and
external radiation exposures to uranium isotopes and associated decay chain progenies in onsite
and offsite environmental media are estimated using internal and external radiation CSFs derived
for morbidity and DCFs developed for these exposure routes. CSFs are used to convert
exposures to radionuclides to an ELCR, while the DCFs are used to convert exposures to an
average annual dose expressed in units of mrem per year.

Both the RESRAD-OFFSITE (Version 4.0) and RESRAD-ONSITE (Version 7.2) models
incorporate the updated 2014 DCFs and morbidity CSFs calculated by the Oak Ridge National
Laboratory (ORNL), as presented in ORNL’s Technical Manual (TM) entitled Calculation of
Slope Factors and Dose Coefficients (ORNL 2014). The derivations of these factors are based on
updated decay chain and nuclide energy data presented in International Commission on
Radiological Protection (ICRP) Publication 107, Nuclear Decay Data for Dosimetric Calculations
(ICRP 2008). The following RESRAD-ONSITE Version 7.2 default CSFs and DCFs will be used
based on ICRP-107: DCFPAK 3.02 (Adult) for the internal dose library, DCFPAK 3.02 for the
external dose library, and DCFPAK 3.02 Morbidity for the CSFs. All CSFs used in this HHRA are
morbidity (rather than mortality) CSFs. Attachment Table D-12-1 presents CSFs established for
the ingestion, external radiation and inhalation routes of exposure. Similarly, Table D-12-2
presents DCFs established for the ingestion, external radiation and inhalation routes of exposure.

The 2014 ORNL soil ingestion CSFs are used in this HHRA to evaluate ingestion exposures to
onsite pond sediment by a onsite workers and pond remediation workers at the pond (there are no
carcinogenic COPCs identified for onsite trespassers), as well as offsite resident farmer
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exposures to offsite assumed to be impacted by pond dust emissions and subsequent air transport
under Alternatives 1 and 2/3. The 2014 ORNL TM provides soil ingestion CSFs for “Soil
Population” and “Soil Worker,” which are described as follows (ORNL 2014): “Population”
refers to morbidity CSFs for ingestion of soil averaged over all ages in a population. Examples of
soil ingestion include an individual directly ingesting soil, touching a soil-covered surface and
then ingesting food without washing hands, and dust ingestion. “Soil Worker” refers to adult-
specific CSF coefficients for soil ingestion and incorporates a different ingestion rate compared
to that used for the general population. However, for the soil ingestion pathway, the current
versions of the RESRAD-OFFSITE and RESRAD-ONSITE models apply by default, 2014
ORNL dietary CSFs, rather than the 2014 ORNL soil ingestion CSFs just described. The
uncertainties resulting from the model-default application of the dietary CSFs to evaluate
exposures via the soil/sediment ingestion pathways in this HHRA are discussed in the
Uncertainties section (Section 8.0). The dietary CSFs are also used in this HHRA to evaluate
exposures to the offsite resident farmer from consumption of homegrown produce, beef and
dairy. Unlike the soil ingestion CSFs, the 2014 ORNL ingestion DCFs contained in the
DCFPAK3.02 library are age-specific and are applicable to both the soil ingestion and dietary
routes of exposure. The ingestion DCFs used in this HHRA are those derived for the adult age

group.
To evaluate onsite ingestion exposures to pond surface water, the 2014 ORNL morbidity CSFs

for tap water ingestion are used. The 2014 ORNL DCFs used are the adult factors that can be
used for ingestion (i.e., applicable to water or any medium).

For inhalation, both CSFs and DCFs are presented in the 2014 ORNL TM according to types of
absorption from the lung into the bloodstream, assuming the contaminant is in form of a particulate
aerosol. Primarily, these include the following: S — slow absorption into the bloodstream; M —
medium absorption into the bloodstream; and F — fast absorption into the bloodstream. For each
radionuclide, the maximum inhalation CSF and DCF from among the three lung absorption types is
incorporated into the RESRAD models. For the uranium isotopes the maximum CSFs and DCFs are
the slow absorption (S) values.

For external radiation to radionuclides in soil, the 2014 ORNL TM presents options for DCFs
and morbidity CSFs based on various source thicknesses: ground plane, 1 cm, 5 cm, 15 cm, and
“soil volume.” The soil volume values are established for sources of infinite volumes/depths,
and, when applied, typically yield the most health-conservative ELCRs and dose results.
Therefore, in this HHRA, CSFs and DCFs established for infinite soil volume/depth are used to
calculate ELCRs and doses, respectively.

In addition to the presentation of CSFs and DCFs for uranium isotopes in Attachment Tables
D-12-1 and D-12-2, respectively, the factors used in the RESRAD-OFFSITE and
RESRAD-ONSITE models, as well as the ORNL RAIS and EPA online calculators, are also
presented in the respective outputs that are presented in Attachments D-14 and D-15.

6.2 Chemical Toxicity Assessment

The oral and inhalation toxicity values used in the HHRA for evaluating chemical exposures are
obtained from EPA standard hierarchy of toxicity value sources (EPA 2003):
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e Tier 1 Source: Integrated Risk Information System (IRIS): Database available online
through the National Center for Environmental Assessment in Cincinnati, Ohio. IRIS is
maintained by EPA (EPA, 2023c).

e Tier 2 Source: EPA Provisional Peer Reviewed Toxicity Values: Provisional peer
reviewed toxicity values generated for interim use and available from EPA.

e Tier 3 Sources: Other Peer Reviewed Toxicity Values.

These toxicity values are applied to the estimated intakes (described in Section 5.3.2 and 5.3.3)
to quantify carcinogenic ELCRs and noncarcinogenic HQs and HIs for carcinogenic and
noncarcinogenic COPCs, respectively the Impacts Characterization section (Section 7.0). The
toxic effects of a chemical generally depend not only upon the inherent toxicity of the chemical
and the level of exposure (intake), but also on the route of exposure (oral, inhalation, or dermal)
and the duration of exposure. Thus, a full description of toxic effects of a chemical includes a
listing of what adverse health effects the chemical may cause, and how the occurrence of these
effects depends upon intake, route, and duration of exposure.

Toxicity values provided by EPA typically reflect administered dose values (i.e., they represent
concentrations that are protective following ingestion or inhalation). However, the dermal route
of exposure represents concentrations absorbed into the blood. Therefore, the absorbed dose
concentrations identified for dermal exposure are compared to absorbed dose toxicity values
derived by applying gastrointestinal absorption (GIABS) factors to administered dose toxicity
values (EPA, 2004). For carcinogenic chemicals, the absorbed CSF is calculated by dividing the
oral CSF by the GIABS. For noncarcinogenic chemicals, the absorbed RfD is calculated by
multiplying the oral RfD by the GIABS. If a GIABS factor is not available for a specific COPC,
the corresponding oral CSF or RfD is used by default when evaluating dermal exposures. Dust
inhalation exposures to carcinogenic and noncarcinogenic chemical COPCs are evaluated using
inhalation unit risks (IURs) and reference concentrations (RfCs), respectively.

6.2.1 Toxicity Assessment for Noncarcinogenic Effects

Attachment Tables D-13-1 and D-13-2 present oral/dermal RfDs and inhalation non-cancer
RfCs, respectively, for each chemical COPC identified at Yard C, along with corresponding
GIABS factors, primary target organs affected following exposures and/or critical effects,
combined uncertainty/modifying factors, and sources of the toxicity data presented for each
COPC. In this HHRA, chronic toxicity RfDs and RfCs are applied to all suburban resident
receptors. Generally, exposure durations of 7 years or less, like for the pond sediment worker
(1 year) and the offsite young child resident farmer (6 years, for ages 0 to 6) are representative of
subchronic exposures. However, chronic toxicity values applied to the young child, rather than
subchronic toxicity values, to provide for a more health-conservative calculation of HlIs.
Subchronic RfDs and RfCs are applied to evaluations of the pond remediation worker scenario,
which assumes an exposure duration of 1 year.

6.2.2 Toxicity Assessment for Carcinogenic Effects

Tables D-13-3 and D-13-4 present oral/dermal CSFs and inhalation IUR values, respectively, for
each chemical COPC identified the Alternatives 1 and 2/3 evaluation scenarios, along with
corresponding GIABS factors, EPA cancer weight-of-evidence (WOE) classifications, and
sources of the toxicity data presented for each COPC. Definitions of WOE classifications are
provided in the table footnotes.
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7.0 Impacts Characterization

The objective of the impacts characterization is to integrate the information developed in the
exposure assessment and the toxicity assessment into a calculation and evaluation of the
potential radiological dose, radiological and carcinogenic chemical ELCRs and noncarinogenic
hazards associated with the COPCs. Hazards include hazard quotients (HQs) calculated for
individual non carcinogenic chemical COPCs and hazard indices (HIs) calculated cumulatively
over multiple COPCs and pathways. Potential human health ELCRs and hazards are calculated
and discussed separately for carcinogenic and noncarcinogenic COPCs, respectively, because of
the different toxicological endpoints, relevant exposure durations, and methods used to estimate
risk. When calculating radiological doses versus ELCRs, the exposure terms are calculated
similarly; however, different factors are then used to convert the exposures into doses and
ELCRs. Human health ELCRs for carcinogenic chemical and radiological COPCs are calculating
differently, with the previously discussed RESRAD models and online calculators being used for
the latter that incorporate radiological decay of parent isotope COPCs and the ingrowth of
progeny isotopes that contribute to the ELCR. The same decay and ingrowth characteristics are
applied to the calculation of radiological dose as well. Once calculated, radiological and
chemical ELCRs are combined to determine the total receptor ELCR.

The methods and equations used to estimate carcinogenic chemical ELCRs, radiological dose
and ELCRs and noncarcinogenic chemical hazards are discussed below in Sections 7.1.1, 7.1.2
and 7.1.3, respectively, along with the target limits to which the calculated values are compared.

7.1 Chemical and Radiological Cancer Risk and Dose Characterization

The potential for carcinogenic effects is characterized in terms of the incremental probability of an
individual developing cancer over a lifetime because of site-related exposures to a potential
carcinogen(s). The ELCR is estimated from the projected lifetime daily average intake and the CSF,
the latter of which represents an upper bound estimate of the dose-response relationship.

7.1.1 Chemical Cancer Risk Characterization

To summarize the calculation process for chemicals, the ELCR associated with an ingestion
(ELCRing) or dermal (ELCRderm) exposure to a carcinogenic COPC is calculated for a given
medium by multiplying the pathway-specific lifetime average daily chemical intake

(i.e., expressed as the ingestion CDI [mg/kg-day] or dermal DAD [mg/kg-day]) by the
corresponding oral CSF (CSF,) ([mg/kg-day]") or dermal CSF (CSFq) ([mg/kg-day] ). The
generalized equations for calculating the ingestion and dermal ELCRs are as follows:

ELCRy, = CDI X CSF,

ELCR4orm = DAD X CSF,

The ELCR associated with the inhalation (ELCRinn) of a carcinogenic COPC (i.e., as being
adsorbed onto dust particulates emanating from soil or as a volatilized chemical) is calculated by
multiplying the lifetime average exposure concentration (EC) (ug/m?) by the IUR ([pg/m’]™?).

ELCR;, = EC X IUR

The ELCRs resulting from exposure to multiple carcinogens are assumed to be additive. The
total receptor ELCR is estimated by summing the ELCRs estimated over all COPCs and over all
pathways.
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In the NCP (40 CFR Part 300), EPA states that for known or suspected carcinogens, target
exposure levels are generally concentration levels that represent an ELCR between 1E-06 and
1E-04 (also referred to as the target risk range). All ELCRs calculated for individual COPCs, or
summed over multiple COPCs, are first compared to the lower end of the target risk range (1E-
06) as the point of departure for early stages of site investigations. Depending on site-specific
needs driven by land usage, stakeholder interests, public concerns and comments, an agreed-
upon target level that is determined to acceptable for site cleanups (if needed) are negotiated to
be within the target risk range. Typically, total ELCRs at or below 1E-04 typically do not
warrant a response action. Total ELCRs estimated to be greater than 1E-04 for any exposure
medium warrant further action for that medium under EPA policies and guidance.

7.1.2 Radiological Cancer Risk and Dose Characterization

Potential radiological ELCRs associated with ingestion, inhalation, and external radiation (i.e.,
based on soil volume and water immersion) exposures to individual radionuclides are calculated
in a manner like that which is done for assessing chemical ELCRs, by multiplying intake
estimates by radionuclide-/pathway-specific CSFs. However, the RESRAD-OFFSITE and
RESRAD-ONSITE models also apply environmental transport factors into the calculations of
exposure, as well as radiological decay and progeny ingrowth over time. In addition to
calculation of ELCRs, the RESRAD models determine the annual total effective dose
equivalents from exposures to parent isotope COPCs and decay chain progeny through
application of radionuclide-/pathway-specific DCFs that convert exposure into annual dose in
units of mrem/year. In the calculations of both ELCRs and doses, the RESRAD models apply the
most recent decay chain data (i.e., energies and intensities of emitted radiations, physical half-
lives and decay modes) available in the International Commission on Radiological Protection
(ICRP) Publication 107. ICRP 107 provides the basis for the derivation of the most recent CSFs
and DCFs available in ORNL’s technical memorandum entitled “Calculations of Slope Factors
and Dose Coefficients” (ORNL 2014).

Similar to chemical COPCs, the theoretical probability of developing cancer from exposure to
two or more radionuclides is calculated by summing the ELCRs over the radionuclides. The
ELCR for each radiological COPC, assumed to be the parent isotope, itself represents the sum of
the ELCRs over the parent and associated decay chain isotopes. The total receptor ELCR is
estimated by summing the ELCRs estimated over all COPCs (including ELCRs from contributing
decay chain isotopes) and over all pathways. Similarly, the total annual dose for a receptor is
estimated by summing the doses estimated over all COPCs (including doses from contributing
decay chain isotopes) and over all pathways. In the RESRAD model inputs, total receptor ELCRs
and doses are determined at various timesteps out to a maximum timestep of 1,000 years,
depending on the receptor scenario. For example, the offsite resident farmer scenario is evaluated
at eight timesteps evaluated over a 1,000-year period of evaluation (i.e., 0, 1, 3, 10, 30, 100, 300,
and 1,000 years). On the other hand, the pond remediation worker, for whom an exposure duration
of 1 year is assumed corresponding to the anticipated duration of decommissioning, is evaluated at
0 and 1 years. Each timestep represents the evaluated time at which exposure occurs relative to the
analysis of the soil samples that are the basis of the data set used. The ELCRs and doses reported in
the risk characterization and compared to the target limits represent the maximum total receptor
values calculated over the period of evaluation (e.g., 1 year for the pond remediation worker; 1,000
years for a resident farmer).
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During impacts characterization, radiological doses are compared to the dose limit of 25 mrem
per year for members of the general public (per DOE Order 458.1) and 5 rem per year (5,000
mrem per year) for onsite workers under the Alternative 1 evaluation and remediation workers
under the Alternatives 2/3 evaluation (10 CFR 835.202). Radiological ELCRs are compared to
EPA’s target risk range of 1E-06 to 1E-04 (40 CFR Part 300).

7.1.3 Chemical Non-Cancer Hazard Characterization

The potential for noncarcinogenic health effects is evaluated by the calculation of HQs for individual
COPCs, which are then summed to yield the HI. An HQ is the ratio of the daily intake averaged over
the exposure duration for a given exposure route (i.e., ingestion CDI [mg/kg-day], dermal DAD
[mg/kg-day], or inhalation EC [mg/m?)]) to the corresponding chemical-specific oral RfD (RfDo)
(mg/kg-day), dermal RfD (RfDqd) (mg/kg-day), or inhalation RfC (mg/m?). The generalized equations
for calculating the ingestion HQ (HQing) and dermal HQ (HQderm) are as follows:

HQing = CDI = RfD,
HQuerm = DAD + RfDy

Similarly, the inhalation HQ (HQinn) is calculated as follows:
HQinn = EC + RfC

The assumption of additive effects reflected in the HI is most properly applied to substances that
induce the same effect by the same biological mechanism (EPA, 1989). Consequently, summing
HQs for substances that are not expected to induce the same type of toxic effect will
overestimate the potential for adverse health effects. The HI provides a measure of the potential
for adverse effects, but it is conservative and dependent on the quality of experimental evidence.
If a receptor is assumed to be exposed via multiple exposure routes and/or pathways, the HIs
from all relevant exposure routes and/or pathways are summed to obtain the total HI for that
receptor. If the total HI is less than or equal to 1, multiple-pathway exposures to COPCs at the
site will be judged unlikely to result in an adverse effect. If the sum is greater than 1, further
evaluation of exposure assumptions and toxicity, including consideration of specific target
organs affected and mechanisms of toxic actions of COPCs is warranted to ascertain if the
cumulative exposure would in fact be likely to harm exposed individuals. If the results of the
further evaluations still indicate potential health effects in exposed individuals, then the
development and evaluation of remedial alternatives may be warranted.

7.2 Impact Characterization Results

The potential impacts determined to onsite and offsite MEIs within the ROI relative to
implementation of remedial Alternatives 1 and 2/3 are presented below, with medium-specific
receptor radiological doses, radiological and carcinogenic chemical ELCRs, and noncarcinogenic
chemical HIs being presented in Tables D-5, D-6 and D-7, respectively. Detailed COPC-specific
and pathway-specific doses, ELCRs and HIs presented for Alternative 1 in Attachment D-16 and
Alternatives D-17.
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Table D-5. Summary of human health radiological doses under Alternatives 1 and 2/3 (mrem per year)

c . . . . de Downgradient Offsite Resident
% y ) .n§ . S Downwind Offsite Farmer Resident (Air Transport) Farmer (Groundwater Transport)
Q = =200
Medium 2= @ § -
[72]
5 = © E © qE, = Location | Location | Location | Location | Location | Location II-'\_’ecthor Eecep_tor Eecep_tor
[ A B c D E F ocation ocation ocation
RO R1 R2
Alternative 1 (No Action Alternative)
No
Pond Sedimentd 0.7 Rad. NA NA NA NA NA NA NA NA NA NA
COPCs
Pond Surface NA 8 NA NA NA NA NA NA NA NA NA NA
Water
Offsite Soil NA NA NA 0.00001 0.003 0.0001 0.0005 0.003 0.003 NA NA NA
Offsite NA NA NA NA NA NA NA NA NA NA NA NA
Groundwater
Total 0.7 8 NA 0.00001 0.003 0.0001 0.0005 0.003 0.003 NA NA NA
Alternative 2/3 (Pond Dewatering, Sediment, and Liner Removal)

Pond Sediment NA NA 13 NA NA NA NA NA NA NA NA NA
P°”€v“:’t“errfa°e NA NA NA NA NA NA NA NA NA NA NA NA
Offsite Soil NA NA NA 0.003 0.01 0.03 0.03 0.1 0.04 NA NA NA

Offsite NA NA NA NA NA NA NA NA NA NA NA NA
Groundwater
Total NA NA 13 0.003 0.01 0.03 0.03 0.1 0.04 NA NA NA

Note: Footnotes are presented after Table B-7b.
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Table D-6. Summary of human health excess lifetime cancer risks from exposures to radionuclides and chemicals under Alternatives 1 and 2/3

L . . .
] c . . . . de Downgradient Offsite Resident
'E . .o§ . _g o Downwind Offsite Farmer Resident (Air Transport) Farmer (Groundwater Transport)’
= =089
Medium % @ § 2% %‘
"ﬁ © f:’ © E = Location | Location | Location | Location | Location | Location Recegtor Receptor Recep'tor
c (4 A B C D E F Location | Location Location
o RO R1 R2
Alternative 1 (No Action Alternative)
Pond Sediment¢ | 5E-07 "'Coo%acrg' NA NA NA NA NA NA NA NA NA NA
W;gf“rface NA 5E-05 NA NA NA NA NA NA NA NA NA NA
Offsite Soil" NA NA NA 8E-12 2E-09 1E-10 4E-10 2E-09 2E-09 NA NA NA
Offsite NA NA NA NA NA NA NA NA NA NA NA NA
Groundwater
Total 5E-07 5E-05 NA 8E-12 2E-09 1E-10 4E-10 2E-09 2E-09 NA NA NA
Alternative 2/3 (Pond Dewatering, Sediment, and Liner Removal)
Pond Sediment NA NA 1E-05 NA NA NA NA NA NA NA NA NA
Pond Surface NA NA NA NA NA NA NA NA NA NA NA NA
Water
Offsite Soil NA NA NA 2E-09 1E-08 3E-08 3E-08 8E-08 3E-08 NA NA NA
it NA NA NA NA NA NA NA NA NA NA NA NA
Groundwater
Total NA NA 1E-05 2E-09 1E-08 3E-08 3E-08 8E-08 3E-08 NA NA NA

Note: Footnotes are presented after Table B-7b.
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Table D-7a. Summary of human health hazard indices from exposures to noncarcinogenic chemicals under Alternative 1 and 2/3

Downgradient Offsite Resident

2 1 § Y Downwind Offsite Farmer Resident (Air Transport)d¢ Farmer (Groundwater
» g 29 255 Transport)f
Medium Q<X a8 » D E
a2 5 % 5 E S Receptor | Receptor | Receptor
g = = H = Location | Location | Location Location Location | Location P p p
2 A B c D E F Location | Location | Location
RO R1 R2
Alternative 1 (No Action Alternative)
Pond Sediment? 0.2 0.05 NA NA NA NA NA NA NA NA NA NA
S\fa'lgrsurface NA 29 NA NA NA NA NA NA NA NA NA NA
Offsite Soil NA NA NA No Noncarc. COCs NA NA NA
Offsite NA NA NA NA NA NA NA NA NA 7 6 1
Groundwater
Total 0.2 29 NA No Noncarc. COCs 7 6 1
Alternatives 2/3 (Pond Dewatering, Sediment, and Liner Removal)

Pond Sediment NA NA 1 NA NA NA NA NA NA NA NA NA
\Ij\;)ar;:rSurface NA NA NA NA NA NA NA NA NA NA NA NA
Offsite Sail NA NA NA No Noncarc. COCs NA NA NA
Offsite NA NA NA NA NA NA NA NA NA NA NA NA
Groundwater
Total NA NA 1 No Noncarc. COCs NA NA NA

Note: Footnotes are presented after Table B-7b.
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Table D-7b. Target organ hazard indices for noncarcinogenic chemicals

Target Organ Hls by Receptor/Medium
Alternative 1 Alternative 2/3
Target Organs Onsite Trespasser Onsite Remediation Worker
(Pond Surface Water)i (Pond Sediment)
HI cocC HI cocC
Total Bones, T(_aetP / Skeletal Fluorosis HI 0.2 Fluoride NA NA
Across All Media =
Total Cardiovascular HI Across All Media = 0.3 Arsenic NA NA
Total Dermal HI Across All Media = 2 Arsenic, NA NA
Thallium
Total Neuological HI Across All Media = 0.2 Manganese 0.7 Manganese
Total Renal HI Across All Media = 27 Uranium 0.7 Uranium
Total Selenosis HI Across All Media = 0.8 Selenium NA NA

Key: HI = hazard index; COC = contaminant of concern; COPC = contaminant of potential concern; NA = not applicable; No Carc. COCs = no
carcinogencic COCs (radiological or chemical) were identified; No Noncarc. COC = no noncarcinogenic chemical COCs were identified

@ The onsite worker was evaluated for pond sediment exposures under Alternative 1. The use of personal protective equipment under Alternative 1
would likely eliminate surface water exposures ; therefore, surface water exposures are not evaluated. The onsite worker is not evaluated for
sediment exposures under Alternatives 2/3 as the remediation worker represents the more health-conservative worker scenario during
remediation.

b The trespasser is assumed to be an individual of ages 11 to 20 years old who is exposed to pond surface water and sediment under Alternative 1,
for 1 hour per day, 75 days per year, over 10 years. Under Alternative 2, the presence of additional fencing and security measures prevents
trespasser access to the evaporation pond; therefore, this receptor is not evaluated under Alternative 2. Predominant COCs under Alternative 1
contributing to ELCRs > 1E-06 for trespasser exposures to surface water are uranium-234, uranium-238, and arsenic via ingestion, and arsenic via
dermal contact.

¢The remediation worker is at the site only during implementation of Alternatives 2/3 and is evaluated for dry sediment exposures. Although PPE
and other health & safety measures are likely to be implemented during Alternatives 2/3 remediation, none are hypothetically assumed in order to
evaluate maximum exposures. Pond dewatering under Alternatives 2/3 eliminate all surface water exposure pathways for this receptor.
Predominant COCs under Alternative 2 contributing to ELCRs > 1E-06 for the remediation worker exposures to surface water are uranium-234 and
uranium-238 via dust inhalation.

4 Under Alternative 1, offsite resident farmers at locations A through F are evaluated for exposures to windblown sediment dusts that are
atmospherically transported from the evaporation pond (assuming no surface water cover), while undergoing dispersion, then deposition onto
offsite soil. The resident farmer is exposed via the following pathways: soil ingestion, external radiation from soil, inhalation of dusts from the pond
(prior to deposition), inhalation of resuspended dusts from offsite soil, and the consumption of homegrown fruits and vegetables, meat and dairy.
Groundwater impacts from deposition are negligble. Radiological ELCRs are based on the maximum total ELCRs calculated over a 1,000-year
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period of evaluation. Groundwater impacts from subsurface migration from beneath the pond does not occur as locations A through F are situated
upgradient or crossgradient from the flow of pond contaminants in groundwater.

¢ Under Alternatives 2/3, offsite resident farmers at locations A through F are evaluated for exposures to windblown sediment dusts that are
atmospherically transported from the evaporation pond (assuming no surface water cover), while undergoing dispersion, then deposition onto
offsite soil. Exposures to pond dusts are evaluated for one year during Alternatives 2/3 remediation. Post-remedy exposures to offsite soil (i.e.,
after source removal of the pond) are then evaluated for a 1,000-year period of evaluation. The resident farmer is exposed via the following
pathways: soil ingestion, external radiation from soil, inhalation of dusts from the pond (prior to deposition), inhalation of resuspended dusts from
offsite soil, and the consumption of homegrown fruits and vegetables, meat and dairy. Groundwater impacts from deposition are negligble.
Groundwater impacts from subsurface migration from beneath the pond does not occur as locations A through F are situated upgradient or
crossgradient from the flow of pond contaminants in groundwater.

fGroundwater transport of sediment contaminants leaking through the evaporation pond liner to the subsurface is modeled away from pond to three
maximally exposed downgradient receptor locations (R0, R1 and R2), where exposure is hypothetically assumed to occur. Receptor location 0
(RO) is at the downgradient edge of the pond. Receptor Location 1 (R1) is at pumping well 1093R. Receptor Location 2 (R2) is at the San Juan
River. Exposure pathways evaluated include drinking water ingestion, dermal contact, external radiation (i.e., immersion), and consumption of
produce, meat and milk affected by agricultural irrigation and watering of livestock. No radiological are carcinogenic chemical COPCs were
identified for groundwater under Alternative 1. Nitrate as nitrogen is the only chemical COPC evaluated, which is noncarcinogenic. The HI results
shown are those for the young child resident farmer (ages 0 to 6 years old), which is associated with the most health-conservative HI values. With
only one noncarcinogenic COPC having been evaluated, no target organ analysis is necessary.

9 Dry sediment exposures are assumed for all receptor scenarios under Alternatives 1 and 2 to provide more health-conservative evaluations due to
the greater availability of dry sediments for human exposures, than sediments that are under water. Airborne sediment dust exposures at
downwind offsite receptor locations are evaluated as offsite soil.

h ELCRs and radiological doses associated with offsite soil are due entirely to uranium isotopes. No chemical COCs were identified in offsite soils
because they are all less than screening levels.

'ELCRs and doses presented for each offsite soil location under Alternative 2/3 represent the sums of the total ELCRs and doses calculated for
exposures that occur during remediation and after remediation (post-remedy).

ICOCs contributing to target organ Hls > 1 are presented in bold font.

Note: ELCRs presented in bold font exceed the lower limit of EPA's target risk range of 1E-06 to 1E-04 (i.e., 1E-06). HIs presented in bold font
exceed the EPA's target limit of 1.
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Alternative 1

Table D-5 shows that the radiological dose calculated for the onsite trespasser, as well as
all doses calculated for the offsite resident farmer at all offsite locations, for combined
exposures over all pathways, are less than 25 mrem/yr. The dose calculated for the onsite
worker for combined exposures over all pathways is less than the 5,000 mrem/yr
occupational limit. The receptor specific doses calculated for onsite and offsite MEIs are
as follows: onsite worker = 0.7 mrem/yr; onsite trespasser = 8 mrem/yr; and the
maximum offsite resident farmer (locations B, E, and F) = 0.003 mrem/yr.

Table D-6 shows that the ELCR calculated for an onsite worker (5E-07) is less than the
lower end of EPA’s ELCR evaluation range (1E-06). However, ELCR for the onsite
trespasser (5E-05) exceeds 1E-06. Attachment Table D-16-2 shows that the exceedance is
due to incidental ingestion exposures to uranium-234, uranium-238 and arsenic in pond
surface water. Although exceeding the lower end of EPA’s ELCR evaluation range, the
onsite trespasser ELCR is less than the upper upper end of 1E-04. Finally, Table D-6 also
shows that the ELCRSs calculated for the offsite resident farmer at all six atmospheric
receptor locations are well below 1E-06, with the maximum ELCR being 2E-09 at
locations B, E and F.

Table D-7a show that the total HIs for the onsite worker and onsite trespasser are 0.2 and
29, respectively. The total onsite worker HI is less than the target limit of 1. For the
trespasser, a subsequent target organ analysis in Table D-7b shows that the target organ
HIs calculated for health impacts to the skin and kidneys (2 and 27, respectively) for an
onsite trespasser each exceed EPA’s target HI of 1. Attachment Table D-16-2 shows that
impacts to the kidneys are due to incidental ingestion and dermal exposures to uranium in
pond surface water. Dermal impacts to the onsite trespasser are due to combined
incidental ingestion exposures to arsenic and thallium in pond surface water, with
thallium being the predominant contributor to the HI of 2. However, as discussed in
Section 8.3, the thallium HI calculated for the trespasser is likely an overestimation of the
actual HI due to a high level of uncertainty associated with the RfDo used in the HI
calculations, in conjunction with the health-conservative assumptions applied regarding
trespasser surface water exposures. Additionally, land use controls at the site including
entrance gates and perimeter fence and signs reduce the likelihood of trespassers
accessing the evaporation pond area. Because thallium has never been identified as a site
chemical of concern, the detected sample concentrations reported for thallium in pond
surface water are compared to water quality standards, criteria, and screening levels in
Table D-8. The comparisons show that only the Navajo Nation EPA surface water quality
standard for primary and secondary human contact exceed the concentrations detected in
pond surface water.

No chemical HI calculations were necessary for offsite resident farmer exposures
resulting from contaminants in air, as well as contaminants in offsite soil (from
deposition). This is because the maximum offsite concentrations of all chemicals in these
media, as calculated based on attenuation that occurs during simulation of atmospheric
transport and dispersion of radionuclides using the RESRAD-OFFSITE, are less than the
corresponding screening levels for the resident farmer.

Table D-7a presents a total HI of 7 for a resident farmer child (the most sensitive resident
farmer age groups) at hypothetical downgradient groundwater receptor location RO
(located at the eastern downgradient edge of the evaporation pond). Attachment Table D-
16-4 shows that the HI exceeds the target limit of 1 due to ingestion exposures to nitrate
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(as nitrogen) in groundwater used as drinking water. The target organ and critical effect
resulting from exposures to elevated concentrations of nitrate are the blood and
methemoglobinemia, respectively.

Table D-7a presents a total HI of 6 for a resident farmer child at hypothetical
downgradient receptor location R1 (i.e., pumping well location 1093R located north of
the western portion of the pond). Attachment Table D-16-5 shows that the HI exceeds the
target limit of 1 due to ingestion exposures to nitrate (as nitrogen) in groundwater used as
drinking water. The target organ and critical effect resulting from exposures to elevated
concentrations of nitrate are the blood and methemoglobinemia, respectively.

Table D-7a presents a total HI of 1 for a resident farmer child at hypothetical
downgradient receptor location R2 (i.e., located at the San Juan River), which
approximates EPA’s target HI of 1. Therefore, no adverse health impacts are estimated
for offsite resident farmer use of drinking water at this location.

Table D-8. Comparisons of evaporation pond surface water concentrations for thallium with numerical

water quality standards, criteria, and risk-based screening levels

Thallium
Source Concentration
(mg/L)
Evaporation Pond Surface Water Concentration Range 0.014 - 0.038
Calculated Trespasser COPC Screening Level for Surface Water 0.0025
(Attachment D-2-6)? '
SWQS for Domestic Water Supply 0.002
SWQS for Fish Consumption 0.001
SWQS for Primary and Secondary Human Contact 0.075
AWQC for Protection of Human Consumption of Surface Water and
; 0.00024
Organisms
AWQC for Protection of Human Consumption of Organisms Only 0.00047
EPA Drinking Water MCL 0.002
EPA Tap Water RSL® 0.0002

Sources: Navajo Nation EPA, 2017; EPA, 2023a; EPA, 2023e

Key: AWQC = ambient water quality criterion; MCL = maximum contaminant level; mg/L = milligrams per liter;
RSL = regional screening level;, SWQS = surface water quality standard

a Calculated trespasser screening level targets a noncancer HQ of 0.1.

b EPA Tap water RSL presented targets a noncancer HQ of 1.
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Alternatives 2/3

e Table D-5 shows that the radiological dose calculated for the pond remediation worker
for combined exposures to sediment over all pathways is less than the 5,000 mrem/yr
occupational limit. The radiological doses calculated for the offsite resident farmer at all
locations, for combined exposures over all pathways, are less than 25 mrem/yr. The
receptor specific doses calculated for onsite and offsite MEIs are as follows: pond
remediation worker = 13 mrem/yr; and the maximum offsite resident farmer (location E)
= 0.1 mrem/yr.

o Table D-6 shows that the ELCR calculated for a pond remediation worker (hypothetically
assumed to not be using health and safety controls) of 1E-05 exceeds the lower limit end
of EPA’s ELCR evaluation range (1E-06). Attachment Table D-17-1 shows that the
exceedance is due to inhalation of uranium-234 and uranium-238 in pond sediment dust
emissions during decommissioning. Although exceeding EPA’s lower end of the ELCR
evaluation range, the pond remediation worker ELCR is a factor of 10 times less than the
upper end of EPA’s ELCR evaluation range (1E-04). Implementation of proper health
and safety precautions should result in significant risk reduction. Table D-6 also shows
that the ELCRs calculated for the offsite resident farmer at all six atmospheric receptor
locations are well below 1E-06, with the maximum ELCR being 8E-08 at location E.

e Table D-7a shows that total HI for pond remediation worker approximates EPA’s target
limit of 1. However, Table D-7b further demonstrates that all target organ HIs calculated
for a pond remediation worker (hypothetically assumed to not be using health and safety
controls) are less than EPA’s target HI of 1. The target organ HIs for this receptor are as
follows: neurological HI due to manganese exposures = 0.7; and the kidney HI due to
uranium exposures is 0.7. Therefore, no adverse systemic effects are likely for the pond
remediation worker during decommissioning.

e No chemical HI calculations were necessary for offsite resident farmer exposures
resulting from contaminants in air during decommissioning and contaminants remaining
in post-remedy offsite soil (from deposition). This is because the maximum offsite
concentrations of all chemicals in these media, as calculated based on attenuation that
occurs during simulation of atmospheric transport and dispersion of radionuclides using
the RESRAD-OFFSITE, are less than the corresponding screening levels for the resident
farmer.

8.0 Uncertainties

Uncertainties are inherent in all components of the HHRA process (i.e., data evaluation,
exposure assessment, and toxicity assessment), as well as in the procedures used in calculating
and characterizing health risks to potential residents. A qualitative assessment of uncertainties
and the resulting impacts of potentially overestimating or underestimating impacts determined
for the MEIs is discussed in this section.

8.1 Sediment Matrix

Eleven sediment samples were collected from the groundwater evaporation pond that were
located within random systematic grid. However, a vast portion of the sediment was found to be
a hardened salt matrix. Loose muddy sediment was observed along the perimeter of the pond
(approximately 8 ft from the edge). Sampling based on the predetermined grid has resulted in the
samples being collected from the salt matrix and therefore, does not represent actual sediment.
The analytical challenges presented by the presence of the matrix is unknown. However,
calculations and modeling performed to determine impacts incorporated input values, where
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possible, that accounted for physical characteristics of the sediment, such as density of salt
(which is greater than the density of soil/sediment), thickness, etc. However, because the salt
matrix is a solidified, monolithic mass, it is expected that the bioavailability of contaminants
bound up in the matrix, particularly under the Alternative 1 evaluations, is reduced when
compared to the bioavailability of similar contaminants in a loose sediment matrix, typically
encountered in ponds. Therefore, in an attempt to not underestimate impacts to human health
associated with the salt matrix, the HHRA assumes that the salt matrix exists in a looser, more
aggregate form. This assumption tends overestimate actual human health impacts associated with
onsite worker and trespasser exposures, as they are evaluated under Alternative 1.

During implementation of Alternatives 2 and 3, the salt matrix is broken up and mixed with a
drying/solidifying amendment to reduce the moisture content to a level needed for excavation,
packaging and transport to an offsite disposal facility. Therefore, the HHRA assumption of a
loose aggregate form represents a set of exposure conditions that are likely to be more realistic
relative to actual exposure conditions that would be encountered by a pond remediation worker
during implementation of Alternatives 2 and 3. The addition of amendment to remove moisture
could also result in a slight dilution effect of the original (pre-amendment) concentrations that
were reported during data collection. Therefore, the assumption of a salt matrix comprised of a
looser aggregate is expected to slightly overestimate the actual human health impacts associated
with a pond remediation worker, as evaluated under Alternatives 2/3.

8.2 Health and Safety

The onsite worker under Alternative 1 and the pond remediation worker under Alternatives 2 and
3 are both evaluated in a manner designed to not underestimate actual exposures to pond media
by hypothetically assuming that the workers do not follow health and safety BMPs and do not
use PPE. However, workers are currently protected and would be protected during
decommissioning via implementation of DOE requirements (e.g., 10 CFR Part 835,
“Occupational Radiation Protection,” and 10 CFR Part 851, “Worker Safety and Health Program
and Administration Procedures.”). Therefore, the assumption of no health and safety practices
overestimates human health impacts calculated for these MEI scenarios under all three of the
remedial alternatives evaluated.

8.3 Trespasser Exposures to Thallium in Pond Surface Water under Alternative 1

Based on the impacts analysis, incidental ingestion of thallium and arsenic in evaporation pond
surface water, by onsite trespassers, result in a total target organ HI of 2 for the skin. The
detailed results table (Table D-16-2) shows that the thallium HI of 1.3 contributes predominantly
to the total noncancer HI and that the arsenic HI of 0.3 is a less significant contributor. Thallium
is the predominant HI contributor because the current EPA-approved RfDo used to calculate the
ingestion and dermal HIs is a provisional value that is associated with a high degree of
uncertainty, with EPA having assigned an uncertainty factor (UF) of 3,000 to the RfDo. which
biases the RfDo low, resulting in HIs that are biased high, due to the inverse relationship. The
uncertainties not only include the UF of 3,000 for thallium, but the fact that, based on the
assumptions in the calculations, a trespasser would have to accidentally ingest pond surface
water at a rate of 100 milliliters per hour, 1 hour per day, for 75 days per year, over 10 years to
incur dermal impacts. Therefore, the HI calculation is highly likely to overestimate the actual HI
for a trespasser at the pond, so the discussion of thallium as an impact driver is removed from
Section 3.11.2.1 text. However, because the cumulative HI of 2 cannot be ignored, it is discussed
in Appendix D, in the context of the uncertainties inherent with thallium toxicity and the
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exposure assumptions used in the HI calculations to demonstrate that impacts to trespassers
exposed to surface water are highly unlikely.

8.4 Resident Farmer Evaluations

When assessing potential human health impacts associated with Alternatives 1, 2, and 3 at offsite
locations, maximum health conservativism was applied in the HHRA by the identification and
evaluations of the resident farmer as the offsite MEI. This assumption is likely to overestimate
actual impacts to offsite receptors because realistically, most individuals in close proximity to the
evaporation pond, if any, grow and consume fruits, vegetables and grains, while raising livestock
and consuming homegrown meat and dairy as a means of subsistence. The resident farmer
evaluations are not meant to reflect actual land use, but rather is evaluated as a hypothetical,
worst case scenario.

Under the worst-case scenario, no human health impacts are expected from dusts assumed to be
released from the pond under all alternatives. Evaluation of the atmospheric transport pathways
for contaminants in dust emissions incorporated conservative assumptions to ensure that actual
potential human health impacts are not underestimated. Offsite exposures to pond dusts may only
occur under Alternative 1 if groundwater pumping ceases, the surface water evaporates or
percolates into the subsurface, and the sediment is allowed to dry. Under Alternative 2, the pond
is dewatered, and the sediments are excavated and continuously dumped, thereby making the
release of dusts into the air, with subsequent transport to offsite locations a plausible scenario.
However, the use of dust suppression measures during decommissioning as a BMP will greatly
reduce the level of dust emissions that could ever go offsite. Therefore, assumptions made
regarding the atmospheric transport of dusts to offsite resident farmer locations under all three
remedial alternatives tend to overestimate actual human health impacts.

Pond contaminant releases (through the liner) to downgradient groundwater at hypothetical
offsite receptor locations do show that human health impacts would be expected from potable
use of groundwater drawn in close proximity to the pond (e.g., within 50 meters to the north and
east of the pond) due to the presence of nitrate. No impacts are expected to occur from potable
use of groundwater hypothetically drawn at a receptor location placed adjacent to the San Juan
River, at the shortest downgradient distance from the evaporation pond (i.e., approximately 600
meters to the east northeast). The assumption of potable groundwater use by a resident farmer, or
any population group, overestimates actual human health impacts likely to occur under all three
remedial alternatives, particularly under Alternative 1, because groundwater in both the
floodplain and terrace is not currently used for any purpose and is not considered potable.
Treated water for the Shiprock community is provided through an interconnection with the
municipal supply of Farmington, New Mexico, and is sourced from the Animas River

(DOE, 2022b).

8.5 Resident Farmer Soil Ingestion Rates

When running calculations using the RESRAD-OFFSITE model for the resident farmer
scenarios, the model default ingestion rate of 36.5 g/yr